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The training requirements for crew-training is self evident due to 
crew safety considerations and the cost-effectiveness of the usage of 3 
simulator rather than the STA or the vehicle itself. The training of 
ground personnel (MCC) has to be accomplished and using the SMS is cost- 
effective since the same training device will provide training for both 
crew and MCC personnel for a modest increase in the SMS cost. The 
booster components of the Shuttle System are required for simulation due 
to the fact that the Orbiter Vehicle provides the GN&C for the Boost 
Phase of the mission, the Main Engines are an integral part of the vehicle 
itself and the transition to aborts would be difficult if not impossible 
since the same on-board computer is used for both mission phases. 
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The four primary tasks defined form a logical division of the 
effort from both a chronological viewpoint and a functional viewpoint, 
The WBS breakout was selected to provide sufficient visibility 
to NASA without creating costly reporting and monitoring requirements 
Modifications will be made to this structure as cost and the critical 

ness of the program elements become clearer. 

The program milestones were based on current NASA programming 

and NR schedules in the Crew Station definition area. 
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REPRODUCIBILITY OF THE 

3 .0 General Requirement s. ORIGINAL PAGE IS POOR 

3.1 Performance 

The selected configuration is based on six factors, namely: 

1) Motion Cues are required for crew training in aerodynamic 

flight. 

2) Contemporary motion systems are not capable of supporting a. 


full visual system and the cockpit. | 

| 

3) For boost and boost abort transitions to aerodynamic flights j 

i 

; 

sustained logitudinal acceleration is a highly desirable training 
feature which could not be accommodated even if a limited visual system 
(i.e,, no rear visual) were acceptable. 

4) The vehicle design philosophy is to isolate crew activity 

i 

between the front :.and rear stations. However current NR data indicates 
that the Mission Specialist may have duties associated with the Comm- 

i 

ander’s wing panels. To cover this possibility and any growth of 
responsibility the Mission Specialist and Payload Specialises seat 

positions have been included in the MBCS . •- •; — r- 

• * \ 

5) The quantity of training equipment requirement required is 

minimized by this division of crew stations and while not an absolute 
minimum, it provides less risk than the previous approach. i 

6) A high degree of fidelity is provided for orbital training 


I 


y 


i 


! 


i 


i 


in the FBCS. 

The HFT3 will support the horizontal flight tests which relieves 
the need for the SMS to support the HFT phase of the program. Conver- 
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sely, the HFT phase overlaps significantly the VFT phase. Current NR j 
schedules call for the rear crew stations to be incorporated in the 

orbiter to support the eight vertical flight. 

The design of the SMS has as its goal a versatile training de- 
vice capable of training crew members to the required level of profici- 
ency in all phases of the Shuttle mission. The simulator consists of 
two crew stations (a Fixed Base Crew Station and a Motion Base Crew 
Station) which can be used for training simultaneously. Different 
training exercises can be practiced in each section simultaneously on a 
non-interference basis except for entry, ascent, launch aborts, and 
approach and landing. Since motion cues are deemed necessary for 
aerodynamic flight, the MBCS will be used primarily for this type of 
training after both crew stations are operational. The FBCS will be 
used primarily for orbital work for the same reason. A backup capabi- 
lity exists in case the MBCS is out of service or in case mission 
requirements while integrated with MCC call for four man participation 
for the FBCS to perform aerodynamic training. To reduce cost equipment 
unique to the aerodynamic flight regimes will be time shared between 

crew stations. With the. SMS equipment specified crew members and ground 

. i 

personnel can be trained in basic system procedures. ;ani flight operation 
procedures for all. mission phases. 


I I ! 


i ■ I ! 
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4 . 0 Program Manag e ment 

For the most part, this paragraph is standard Program 
Management requirements very close to the SLS requirements. 

Major differences are the post-acceptance modification effort which 
is required due to the concurrent design of the simulator and 
spacecraft. 

The level of effort man-power requirements is to equalize 
the competition since the change activity cannot be predicted . 
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5.0 PROGRAM CONTROL REQUIREMENTS 

The controls specified are in compliance with the intent of 
NHB 8040.2 and based on Skylab experience. Due to the short schedule 
the incremental PDR(s) and CDR(s) are required to all long lead 
items to be procured and manufactured within the program schedule. 



i 
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6 .0 Technical Requirements 

6 . 1 System Engineering Requirements 

The documentation requirements are consistent with the intent 
of NHB 8040.2 and the experience gained in the conduct of the Sky lab 

Simulator program. 

6 .2 Design and Development Requirements 
6*2.1 General Design Requirements 

6. 2. 1.1 Operability 

All of the requirements identified and specified under this 
heading are standard simulator type requirements normally defined in 
specifications, such as the following: 

MIL-T-9212B (USAF) Trainer, Flight Simulator, 


MIL-T-23991C 




| ! 1 i i ■ ■ 

‘MIL-T-82335A (TD) 


Aircraft, General Requirements for 
Military Specification* Training 

i ■ 

i Devices, Military General 

J_. Requirements for ' _____ 

Military Specification, Trainer* 
Fixed Wing, Flight, General 
T Specification for 

These requirements are all commensurate with the intended 
application of the training device. The specifications mentioned above 
were used as a guide in identifying and specifying SMS requirements. 
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6 . 2 . 1 . 2 ££,£111 ty T o t er £ ace 

6. 2. 1.2.1 Product Configuration 

The layout requirements for the simulator crew station, IOS and 
visual systems are based on NASA planning. The requirements in the 
equipment room, maintenance lab. and office area are based on the f.- qU 
that the SCC will be in Houston during the program and on-site 
will have to be quartered there to maintain it and install and checkout 

6. 2. 1.2. 2 Power 

The types of electrical power were chosen because they are 

available at the site and easily utilized. 

The National Electrical Code shall be used extensively in 

addition to beet ccs.-serclftl practices. 

6. 2. 1.2. 3 Air Conditioning 

Describes air normally supplied to Bldg. 5 by NASA. 

Supplier to stipulate Vol. & Cooling to permit NASA to verify 

adequacy of existing system or to plan for modifications. 

6. 2. 1.2. 4 Facility Layout, 

Reflects arrangements planned by NASA and defines the space 
for contractor layout. . Permits NASA to estimate complexity and cost 
of Bldg, modifications required, and to coordinate building utilization 


plans . 


FIG. 6.2-1 shows dim. detailed info - Plan 
FIG. 6 .2-11 shows detailed elev. view of SMS area 
FIG. 6,2-111 shows overall (N&S) Bldg, arrangement for 
spac e allocated to $MS equipment 
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6. 2. 1*3 Design and Construction Standards, 

Refer to Section 6. 2. 1.3. 
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6 . 2 . 1 . 4 Software Design 
6 . 2 . 1 . 4 . 1 Simulator System Software 

It is essential that the task structure be carefully evaluated 
to ensure the efficient use of the resources of the GFE Computer Complex 
is made. Otherwise, the situation could arise where the simulation task 
requirements cannot be met because of excessive core and/or execution 
time constraints. 

The choice of Computer Languages can have a direct bearing upon 
the development schedule and man-hour requirements as well as in the 
operational phase. Another area of impact is the fidelity of the simu- 
lation software as changes are made and incorporated. 

In order for configuration control of the simulation software 
to be reliable, full use of the GFE operating system facilities must 
be made. This is especially true in the case of source program up dates 
and load module creation. The support software must be as flexible and 
reliable as possible. 
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6. 2. 1.4. 2 Simulated Shuttle Systems Software 

6 . 2 . 1 . 4 . 2 . 1 Structure 

The Shuttle Mission Simulator is expected to consist of: 

1) A MBCS and, 

2) a FBCS 

3) Instructor/Operator Station separate for each plus . 
an optional instructor jump-seat location in (1) above. 

The training stations will be capable of independent 
part task training, as well as integrated training with the Mission 
Control Center s 

6. 2. 1.4. 2. 2 Train in g .Configurations 

The training instructor/monitor should have the option 

of selecting the load configuration from the options available. 

6. 2. 1.4. 3 Modifications 

A well-known problem is the conflict in computer requirements between 

training and modification requirements with training usually taking priority due 
to schedule commitments. The specified system would allow modification develop- 
ment in parallel with training and, in some cases, simultaneously without conflict, 
The development modules would reside in mass storage and be loaded on-line on a 
non-interference basis with associated driver programs. After this stage of 
....development (e.g,, checked out with drivers for all modes of operation), the 
modification modules could be called into the training load and, . 
on acceptance, become part of the operational training load under configuration 
control. The driver modules should also be available for diagnostic checkout 
for both hardware and software - especially for verification of the various 
integrated/non-integrated modes. 
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6 . 2 . 1 . 4 . 4 Sira la for Modes 

The simulator modes allow initial action of each training problem, 
operation under these initial conditions in real time, slow time or step-ahead 
as required for training and freeze or holding the problem at computed values to 
allow instructor participation in discussions with the trainee without distraction 
of the trainee from the simulation. 

6 * 2 , 1 , 4 , 5 Training 1'odes 

The Simulator will be required to participate in training exercises 
with the mission control center in conjunction with other computers and 
simulations. This mode is at the users option. 

6 . 2 . 1 .4 . 6 Telemetry. Digit al Command System and Trajectory In£erfjice 


The interface is dictated by mission phase requirements . Formats and 
data rates are established by existing equipment. Any change to this existing 
equipment is expected to be for the purpose of modernization to improve reliability 
but will have only minimal impact on the simulator requirements. 
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6.2.2 Work Breakdown Structurc/CEI Organization 

The WBS breakout was selected to provide sufficient visibility 


to NASA without creating costly reporting and monitoring requirements. j 
Modification will be made to this structure as cost and the critical- 
ness of the program elements become clearer. 

The MBCS and FBCS specification trees are based on the currently 
identified equipment and software requirements of the SMS. Many of the 
elements of the FBCS end items will be minor modifications of the end 
items of the MBCS particularly in the software area. 

! ' ■ . i * 
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6.2.3 c. re.yr st-ation Requiremen ts. 

6. 2. 3.1 Crew Station Hardware 

6. 2. 3. 1.1 General Description 

This section describes the physical constraints of each Crew 
Station configuration imposed upon them by the motion system and visual 

system characteristics. 

6. 2. 3. 1.2 Cockpit Envelopes 

This section describes the parameters for the crew station 

size. 

6. 2. 3. 1.3 Lighting 

This paragraph emphasizes reproduction of vehicle lighting. 

6. 2. 3. 1.4 Interior Fidelity 

This section itemizes the crew station content as being 
replicas of the actual vehicle. 

6. 2. 3. 1.5 Ing ress /Egre_ss " 

This section establishes the requirement for doors and escape 

hatches in a general fashion to preclude unnecessary constraints , on each 

i i 

section configuration. j 

6. 2. 3. 1.6 Environment j i 

■ This section reflects normal air. conditioning requirements 

which can be readily achieved with a standard air conditioner equipped 
with heaters to achieve a comfortable environment. It further precludes 
inadequate ventilation by permitting additional outlets. 

6. 2. 3. 1.6.1, Pressure Suit 

Pressure suit requirements have been deleted. 


T i 
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6*2'. 3. 1.7 Stowage 

This definition is general and primarily added to permit the 
trimming of the outer lines to less than, actual spacecraft lines, if 
the excess is devoted to stowage. 

6 . 2 . 3 . 1 . 8 Layout Mo del 

This section addresses the itemized content of a mockup to 

identify and evaluate the proposed configuration in an economical and ! 

I 

i 

timely manner. It further defines the intent of the mockup as a non- 
transportable model, i.e., intended for in-plant evaluation only. 
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6 . 2 . 3 . 2 Controls and Displays Hardware 


The decision to use flight hardware as opposed to simulated 
hardware must be made on an item by item basis. 

The use of flight hardware requiring complex hardware interfaces 
should be avoided. 

Trainee and instructor station controls and instruments should 
duplicate the static and dynamic performance of the design basis orbiter 
vehicle in accordance with design data and tolerances specified by that 
data. Instrument oscillations, rates of change, and lags experienced 
in the operation of the design basis vehicle should be included in the 
SMS indication responses. 

(Refer to Simulation Techniques Study, Section 2.0). Tolerances 
can only be approximated at this time since they are chosen as a func- 
tion of actual spacecraft equipment tolerances. 
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fi.2.6 Instructor-Operator Stations 



The simulator complex for the SMS consists of two training 
devices. The training devices are: a motion base crew station (MBCS) 

and a fixed base crew station (FBCS) . The MBCS would permit monitoring 
of training exercises for all phases of the mission except docking 
payload handling. The MBCS would be used primarily to train the 
Commander and Pilot. It would also be used to train the Mission 

I 

i 

Specialist and Payload Specialist in those duties required to assist j 
the Commander and Pilot during the Launch deorbit and landing phases 
of the mission. The MBCS would be mounted on a six dqgree-of-freedom 
motion system capable of tilting the simulator to a vertical launch 

i 

position. A visual system capable of displaying the scene as seen from 
the forward cabin is also a part of the MBCS. The IOS for the MBCS 
is designed to be manned by two instructors. However, during training 
exercises involving one student, only one instructor is required. 

The FBCS would provide instruction for all phase's of flight 
associated with space and aerodynamic operation. The FBCS would be usee 
to train all crew positions including the OMS station. The FBCS would 
be mounted on a fixed base and contain a visual system which would pro- 
vide the views seen from the forward cabin windows and the cupola windows 
Because of the number of crew positions to be trained on the FBCS, the 
IOS’s would be designed in modular form. The FBCS IOS complex would 
consist of the following IOS modules: Commander and Pilot. Orbital 

< 

to 
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Maneuvering Station, Mission Specialist and Payload Specialist, and 
Telemetry Station. The Telemetry Station IOS would be shared by both 
the MBCS and FBCS. 

The design of the simulator complex would be such that 
training exercises could be conducted simultaneously on the MBCS and 
FBCS. The FBCS would provide training for all crew positions. Train- 
ing could be conducted individually at each crew station, but not at j 
the same time, and collectively for integrated crew training, or 

mission rehearsals integrated with MCC. 

The Commander-Pilot IOS would normally be manned by two instrucj 
tors. When training was being conducted for one trainee, only one 
instructor would be required. The remaining IOS 1 s would be manned by 
one instructor each. 

t 

Each IOS contains the necessary controls and displays to set up. 
control and monitor all simulated training exercises. Instructor 
'functions are implemented through intelligence received from repeater 
indicators, CRT display units, TV monitors, and simulator peculiar 

. i ' . ■ \ ... 

controls. ! ’ 5 1 I 1 . : I 

Repeater indicators will be reserved for basic flight instru- 
ments (e.g., Flight Director Attitude Indicator, Horizontal Situation 

3 . 

Indicator, Airspeed/Mach Number Indicator). The instructor will also 
be provided the capability to monitor CRT displays at the crew stations 
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Provisions are also made for the instructor to monitor the visual 
scenes presented at the forward cabin windows and the cupola windows. 
CRT display/keyboard units at the XOS will permit the instructor to 
monitor and record the trainee’s performance. Through the CRT display/ 
keyboard unit the instructor will be able to monitor the following 
functions: 

a. Event Time Monitor 

b. Panel Displays (excluding those provided by dedicated 
displays) 

c. Energy Management Predictor 

d. Malfunction Insertion and Display 

e. Circuit Breaker Status 

f. Crew Station Setup Verification 

g. Active Malfunctions and Tripped Circuit Breakers 

h. Mission Parameters and Summary Display 

i. Interface Data Stream and Telemetry Monitoring 

j . Enroute and Approach Display i 

' k. In-Flight Refueling Display * ! 

; "j 1. External Environment Display 7”‘*i ' f ; j j ] ; ' ; 

m. Simulator Reset Display 

* Not a present Shuttle Requirement. t , . i 
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r. Simulator Status Display 

The Instructor Is provided with all the switches and controls 
necessary for the safe operation of the simulator and its associated 
systems. The instructor has at his disposal the capability to "freeze" 
the simulator at any time during the training exercise, and to restart 
the mission from that point. In addition, the instructor can advance 
or "back-track" to any position in the training exercise. He can 
also reset the simulator to any one of the 20 reset points. 

Each instructor has located at his position a voice communica- 
tions terminal which- allows selective voice communication within the 
simulator complex as wsll as associated support facilities. 

i 

In addition to the IOS's which are located external to the 
simulators, a one-position IOS is located within the MBCS . This 

station consists of a portable seat which is installed prior to those 

* 

missions requiring Mission and Payload Specialist. The seat is located 
in the center of the cabin, just aft of the center console. The 
instructor is also provided a portable control box which permits 
limited control of the training exercise. 

Locating an instructor at this position places him at a location 
where he can observe the trainee's performance more closely than is 
possible at the conventional instructor station. At the latter station 
the instructor cannot observe the false starts associated with the 
trainee's performance. Being in the cockpit, the instructor is on the 


i 


I 

! 
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scene to provide immediate instruction when required. It is anticipated 
that this instructor position would be used during the early phases 
of the training program for procedural training, or at any time for 

remedial training. 
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6.2.5 Ancillary Equipment j 

6 . 2 . 5 . 1 Aural Cue Sy stem 

The best approach to vehicle sound simulation at this time is 
a computer controlled real time acoustic effects generator. Its initial 
cost is relatively low compared to other techniques. Modification and 
updates will involve primarily only software changes. In addition, 

repeatability is excellent. 

6. 2. 5. 2 Simulator Power - Hardware 

The simulator power interface must first of all be compatible 

with the capabilities of the installation site. 

Three phase power loads should be balanced, 

' The power distribution should be designed with on-off sequenc- 

ing and interlocks to prevent damage to equipments and to insure the 

safety of operating personnel, , 

Shielding and grounding systems should be designed to minimize 

Internal system noise and to insure safety, . . L — * * — - 

: ' • : j 1 i i j i i | j : * ' 

-• '■ Bonding should also be provided, ! t ) i V ! 

] i Filters and other noise suppression elements should be con- 

sidered in the design to minimize EMI problems. 

6. 2. 5. 3 Central Timing heuin-ent . , ' ■ 

NASA supplied time signals' are required in order to maintain j 

systems coordination and synchronization. In non-integrated mode, thesj 
signals are provided by the SMS CTE to allow stand alone operation. All 
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systems shall key on these signals to prevent time related events | 

from becoming misaligned. 

6 . 2 . 5 . 4 Hydraulic System Hardware 

This paragraph is inserted to specifically define the area 
reserved for the hydraulic pump, etc., and emphasize the room sharing 
essential for future installations. 

6 . 2 . 5 . 5 External Signal Interfaces 

i 

i 

Specific SMS interface requirements which have been identified 
are the SMS/GSSC computer interface, the central timing equipment 
interface, and the voice communications interface. s 

Interface requirements with other control centers are not known 
at this time. Interface with another center could be accomplished 
either through the GSSC data link or by telephone data line to another 
computer installation. 

Under the current concept of SMS crew training, the IOS shall 
provide all GCA and ATC functions. No external interface requirement 
exists for either of these functions. : • 

; : i I • • ' 1 ! ' : I 

j * r * ie interface requirements and definition of tasks between the 
simulators in Building 5 and the Ground Support Simulation Computer 
- (GSSC) is given by . document "GSSC-604 Ground Support Simulation Com- 
puter Program Specifications - FCT Interfaces." This document should 
be used as reference only for a typical ICD. Any or all information 
in the referenced document is subject to change. 
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6. 2. 6. 1.3 Flight Softw_a_re 

Use of actual OBC fLight software is a necessity for reasons 
of simulation fidelity and to avoid delays inherent in the functional 
simulation software development and test/verification processes. 

6. 2. 6. 1.4 Loading - • •• 

If real world on-board computers are incorporated into the 

simulator, the loading can be accomplished using the same mass memories 
and tapes provided in the real world, with a minimum of tape editing. 
(This assumes that the OBC programs are to be reloaded in flight as a 
training procedure.) 

If a translative or interpretive approach to the simulation 
is mechanized, the tapes will require editing and/or preprocessing to 
enable their use. ' - 


6. 2. 6. 1.5 Moding 

The simulated OBC must interact with the simulator mode 

i 

functions without degradation . '" if a ieal world OBC is incorporated in 
the SMS special interface hardware , interrupt generators, will be re- 
quired'.’ Interrupt handling software will’ also be required to be added 
to the OBC software for these special functions . ~ r j j ; - p ; 

6 .2 .6 .1 .6 Update _ i + t , .. 

— it-is anticipated that software changes to the 

DP&S OBC programs will occur with very short notice. Therefore, the 
requirement for use of real world software is imposed. In conjunction 

with this, the simulator software should be capable of being rapidly 


i i < i • ' 
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updated and reverified, and any v equipment or software required to 
expedite this operation should be provided. 

6. 2. 6. 1.7 Diagnostics 

If real world computers are incorporated into the SMS, 
diagnostic software is required to verify its performance, isolate 
malfunctions and minimize the time required to repair. These programs 
should also enable test of interface, peripheral and control display 
equipment where applicable. 

6 . 2 . 6 . 1 . 8 I nterface 

This equipment is required to the extent necessary to 
interface G1 E OBC hardware to the GFE main simulation computer and to 
GFE control and display equipment. 

6 . 2 . 6 . 1 . 9 Debugging Tools/Equipment — . . 

Debugging tools and equipment and any speciaL test equipment 

should be provided in conjunction with diagnostic programs to minimize 
time to repair OBC hardware. 

6.2.6.1.10 Synchronization 


! t 


! ' 1 


l ! 


I i 


; ; * 


Time synchronization is essential for operation of all 

simulator clocks and MCC clocks to minimize errors between the trajectory 
calcuations in the vehicle and on the ground. 

6.2.6.1.11 Reset 


I ! 


... ... Jlhe reset function in the simulator is provided to enable 

rapid return and restart at mission time points where extensive 
training is required while skipping over time, period of low activity, 
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e.g., sleep periods * for the on-board computer, the reset function 
should also be synchronized with the main simulation computers to 
avoid errors in the trajectory c a leu at ion. 

6.2.6.1.12 Redundancy Requirements 

The Astronaut should be able to select the active and stand- 
by GN&C computers, and switch to the Backup GN&C computer and 
realise the same effects as in an actual flight. 

The requirement to simulate redundancy effects occurs in 
Conjunction with the requirement for simulated malfunctions to train 
in all backup modes of operation. 

6.2.6.1.13 S imulated Malfunctions . . 

Simulated malfunctions should be chosen based on failure 

analysis of real world equipment coupled with the. desire to train the 
astronauts in all backup modes and highly critical procedures to ensure 
their safety in the real flight. 


; j~ i • 1 
; [ 
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6.2.6.? Main 

Engine Controller and Interface System 



6. 2. 6. 2.1 Fidelity 

Each of the three Main Engine Controllers consists of: 

a) triple redundant input electronics 

b) Double redundant computer interface electronics 

c) Double redundant output electronics 

d) Double redundant power supply electronics 

e) Double redundant HDC-601 digital computers with a 12K 

word 16-bit plated wire memory. These computers are space rated 
versions of the Honeywell H-316, DDP-516 computers. 

Each Main Engine controller interfaces with the orbit c:; 
avionics through a 1MHZ serial digital command and response data 
transmission system (3 buses per engine) plus an additional data path 
(2 buses per engine for recorded data and telemetry. 

The simulation of the Main Engine computer programs should 
be of equivalent accuracy and resolution as real world. Data rates 
and formats to recorders and to the Telemetry system must be simulated 
with high fidelity. 

A functional simulation of the Main Engine Controller is 
presently envisioned. No GFP will be required. 

: • ! i * 

' t 

'■ i ! ; ‘ 'iii. * i 
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6.2.7 Computer Complex 



The SMS computer complex shall consist of a commercially available ! 

< 

general purpose digital computer system with associated software to 
activate, operate and support the simulator. All hardware with 
options, peripheral equipment, and software will be provided as GFE 
as specified in Exhibit 3. 

The operating system requirements specified are mandatory to 
achieve optimum utilization of the GFE computer complex. The ability 
to support multi- programming, real-time batch processing, and local 
and remote terminal processing simultaneously will facilitate the 
development, maintenance, modification and utilization of the SMS 
task. Coordination of the elements in a system such as SMS to insure 
simulation and background processing integrity dictates the need for 
sophisticated communication facilities. 

As the SMS continues to be used ir* training of flight crews 
new changes to the simulation will arise. To achieve this capability 
-initial spare and expansion provisions are necessary. This expansion 

•j; 

of the simulation will be in the areas of more input/output data, 

- more memory, and more central processor time. i 


i 

! 
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6,2.8 Digital Conversion Equipment. 

The current NASA planning envisions the DCE as being provided 

With the SMS contract. It shall be the SMS Contractor's responsibility 
to interface the SMS DCE equipment to the GFP Simulation Computer Com- 
plex and also to provide spares for the operational/modification phase. 
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6.2.9 Visual System 


6. 2. 9.1 Get? 

eral Rccuiroraents 



Visual simulation systems will be needed for the front 


windows, through which the spacecraft commander and pilot look, and the 
rear window at the cargo handling station. The front windows will be 
used during both atmospheric and space flight, and thus require a com- 
bination of the visual system capability found on simulators of commer- 
cial transports (e.g., L-1011) and on space vehicles (e.g., Apollo). 
Simulation of the view during atmospheric flight is not needed from the 
rear window, which is covered during launch and reentry. For some 
operations, synchrony of the views through front and rear windows is 
required, e.g., when an object passes from the field of view of the 
front windows to that of the rear window. 

Throughout the treatment that follows, the emphasis will be 
on providing those aspects of the visual scene needed (1) to train the 
crew and (2) to verify the adequacy of their performance.- Under* this 
philosophy, there is no need to provide visual cues for those mission 
or phase segments during which such cues may not be present . 

Assuming a full manual approach and landing capability will 
be required of the Shuttle Vehicle pilots, the question can be asked 
if it is necessary to provide the simulation for both a Category II 
instrument situation and the full VFR situation. If the skills 
required to perform the manual instrument approach and landing task 
are essentially the same as those used in the manual VFR approach. 
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then it may not be necessary to provide the full VFR scene and simply 
confine the training to the instrument situation. Unfortunately » this 
does not seem to be the case for the following reasons: 

a. Just as there is a possibility of failure of the automat icj 
approach and landing system, there is the possibility of the failure 
effecting receivers and displays used in the manual instrument approach 
Should this happen, one would expect the pilot to be able to make an 
"eyeball" approach if cendUicu:; are VFR. Economics will prevent this 
kind of practice in the actual vehicle, thus establishing a need for 
full VFR simulation. 

b. Another consideration that suggests the need for VFR simuj 
lation has to do with normal pilot performance when all systems are 
operating normal and the approach and landing will be made under VFR 
conditions. Because a more precise approach can be made when the 
automatic syiirn Is operating than when manual skills are being 

t 

utilized, and a manually flown instrument approach is more precise when 
used under VFR conditions than an "eyeball" approach, these become the 
preferred approach techniques under VFR conditions. However, when 
VFR cues are available, the pilot will intermittently use them to 
cross-check the validity of the situation as being depicted on his 
instruments. Since the scene as viewed out of the cockpit has the 
highest priority in determining the heed for corrective responses, 
it is important that the pilot have the correct frame of reference 
for making these responses. Or, putting it another way, the visual 
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scene he expects to see at any point in time if the situation is normal, 
becomes a sort of perceptual overlay on the actual scene from which 
he makes comparisons to detect discrepancies that require correction. 
Since these "expectancies * 1 must be built from experience base and 
since the Shuttle Vehicle will fly a uniquely different approach path, 
the pilot’s previous experience will not provide the necessary standards 
It thus becomes essential to provide the kind of experience from which 
these "expectancies'* can be properly structured. Again, and for all 
practical purposes, this can only be done through full VFR simulation. 

c, In addition to the above arguments for full VFR simula- 
tion, one other rather subtle but never-the-less compelling argument 
can be made. This has to do with the fact that the approach and land- 

] 

ing task is different and more difficult when some dependence is placed 
on cues arising outside the cockpit than when a pure instrument approach 
is made. Mot only are attitudinal cues less discernable and precise 

i 

when acquired outside the cockpit than when depicted on instruments, 

- . * • 

they are also subject to illusions and take longer to detect. This 
puts a lag in the control loop that increases the difficulty of the 
task and makessit more subject to error. Also, because the pilot is 
very poor in making judgements of rate and altitude, with extra cockpit 
cues, he must make frequent references to cockpit instrument even on a 
V77i abroach. Koch time he shifts his focus from distant references 
outside the cockpit to close re ."-ranees in the cockpit, more time is 

\ 

required for both his physiological and psychological adaptation j 
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to the new ticene. This again puts a greater lag in the control/displ a>! 

^ ! 

loop; further increasing the difficulty of the task. Therefore, simply' 
training a pilot on just the instrument skills will not assure an equal 
proficiency when VFR cues are available to him on an approach and land- 
ing. The economics of the Shuttle situation suggest b that the total 
skill requirement for assuring safe approaches and landings must be 
acquired via VFR simulation. 

Thus, the emphasis will not be on realism per se, but on the 
provisions of cues (or aspects of the visual scene) adequate to enable 
needed tasks to be accomplished. Under normal conditions, therefore, 
operational tasks will generally be easier than those practiced in the 
simulator, with the exception of zero-g effects. 

Even with these delimitations, Shuttle visual simulation may 
require a combination of capabilities each one of which stretches 


the visual state-of-the-art: wide field of view, simultaneous viewing 
by two crewmen , disparate imagery (earth with cloud cover, viewed from 
near and far; celestial bodies; rendezvous vehicle), and; possibly, 
stereopsis (for manipulator arm control) . 


The problem of sun shafting merits special mention here. 
Assuming that the training objective (with respect to sun shafting) is 
to avoid sun shafting conditions, rather than attain competence in 
working under conditions of sun shafting, this phenomenon need not be 
simulated, but merely signaled, e.g., by a whitebut of the visual 
field or by a sun symbol. , • 
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The rear window is uncovered by the cargo doors during non- 
atmospheric flight, and, while its prime functions is to support the 
use of the manipulator arms during payload operations, and/or docking, 
and undocking, it can also be used by the spacecraft commander and 
pilot to view objects not in the forward windows' FOV. Since existing 
motion systems cannot support visual systems and cockpits for both front 
and rear stations, providing the rear window view to the spacecraft 
commander and pilot would require a separate FBCS, in addition to the 
MBCS, with visual systems, mounted on the motion system. 

The resolution requirements for each of the mission phases 
depend upon the use to be made of the information provided by the 
visual system. When the visual system furnishes steering data that is 
closely coupled with control action, e.g., during the latter portion 
of approach and landing, high resolution is called for; when it fur- 
nishes general orientation data, a lower resolution can be accepted. 

For example, verification that the SRM has separated does 
not require an accurate image of the SRM; a somewhat soft or fuzzy 
SRM image, provided it were easily recognizable, would be quite adequat 
On the other hand, a rather sharp image of runway edges is required 
for proper lateral control during landing. Were the runway edge fuzzy, 
its exact position would be indeterminate, and large lateral deviations 
from nominal could occur before they could be perceived. 
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This is the same basic philosophy ss that: used by the Air 
Transport Association Training Cournittee in specifying resolution 
requirements for visual system (Visual Simulation for Airline Aircraft 
Simulators : Guidance Information, adapted 24 January 196o) • 

ATA established , for each of 6 points on the glide slope 
different distances from the end of the runway (6 mi, 4 mi, 2 mi, % r;u, 
1000" and end of runway), 1) What You Must See (at % mi, e.g., "complect 
runway detail"), 2) How Well (at % mi, e.g., "to recognize 6’ vertical 
object on end of runway"); and 3) With Ability To Accomplish (at h mi, 
e.g., "Alignment, establish closing rate and maintain touchdown 

points") . 

Contrast requirements are less task dependent. Visual acuity . 
and ease of perceiving a figure (object) against a ground (surround), 
depends on the contrast between them; low contrast ratios will cause 
visual tasks to take longer, be more fatiguing, and, in the extreme, 
fail to allow proper visual discriminations to take place. Fig* 

6. 2. 9-1 shows the effect of contrast upon visual acuity at various 

m •" ; ( 

brightness levels., — • 1 • ■ ~ 


Brightness plays a similar role to contrast in determining 
visual acuity. The eye cannot sense the brightness of a visual field 
to better than an order of magnitude (if that) ; acuity becomes better 
with increasing brightness over a wide (10 7 ) range of brightness 
values. See Fig. 6. 2. 9-2 . The brightness(and contrast) of a visual 

on 1 ■ 
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simulation system should be such that acuity, in the darker portions of 
the field (c.g., those with .01 the highlight brightness) is still 
enough finer than the visual simulation system resolution so that the 
visual simulation system resolution, not human visual acuity, limits 
the man-machine system performance in resolving objects. 

The problem of flicker will be noted here, but not treated m 
any depth. Other things being equal, flicker will become more per- 
ceptible (and hence more objectionable) as other important parameters- 
of the visual simulation system— brightness , contrast, field of view 
improve. Thus, inproving one of these parameters of a visual system 
may, by introducing flicker, make the resulting system less, rather 

than more acceptable. 

For flight outside the earth's atmosphere, the orbiter can 
cesyll u coy attitude, and hence it is desirable to simulate the full 
field of view of the spacecraft windows, since objects of interest 
(stars, earth, rendezvous vehicle) can appear, depending on the orbiter s 
attitude, anywhere in the field of view. During atmospheric flight, 

fT c 

attitude constraints, with respect to flight path, can limit the 
appearance of imagery of interest to selected portions of the window, 
and hence simulating the full field of view of the window may not be 
necessary. Because of the time sharing between crew members of t « 
requiring extra-cockpit vision, the visual requirements for these crew 
stations could be non-concurrent. For example, during approach, the 
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pilot rw:y be 

viewing the external visual scene while the copilot’s head 


is- in the cockpit, viewing instruments. 

In order to provide full freedom of head movement within tne 

simulator a 12 inch radius sphere is desirable. However, state"of“t he- 
art wide angle color display systems cannot provide this capability. 

The envelope selected is what can be hoped for in the SMS time frame. 

6 . 2 . 9 . 2 Ascent Phase (Vertical launch to o rbit insertion) 

While the external visual scene is visible during at least 
part of this phase, it is not used as a basis for any crew actions, vittj 

two possible exceptions: 

a) Such visual information might aid in determing whether 

an abort is necessary. 

b) Visual verification of SRM separation. 

It appears that all control actions during this phase, such 
f ; the throttling of engine thrust below 100% to limit vehicle accele- j 
ration to 3g, are either accomplished automatically, cr based upon 

cockpit instrumentation; no indication was found in NAR SD 72-SH-50-3, 

or other Shuttle data, that any external visual cues are used during 

ascent. However for transition to the abort modes, it is recommended 
that identical cues required for each abort mode be provided. 

6 . 2 . 9. 3 

During this phase, out- the -window visual data are needed 
establish altitude and to perform a landing. This landing could take 

v;; WlTt, or at a generalized airport. Four sc \:r.\ r~.p?rts 

of approach end Ir-.Ung, each with biAJArrri: system requiremi 2 r.tr: 

need to be distinguished: 
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1. IFR landings under Category I or Category II visibility 

conditions. As will be noted later, this requires only a narrow FOV. 

2. VFR approaches after glide path has been attained. 

o 

The 19 glide slope is intercepted , and thus the pilot does not need 
to look all over to orient himself. Hence, a narrow FOV is adequate. 

3. VFR flight above approximately 10,000 feet. Before the 
19° glide slope is intercepted, the pilot requires a wide FOV to orient 
himself properly. 

4. VFR flight with air-breathing engines. The orbiter has ai 
breathing engines only for ferry ..flight, therefore the capability exists 
for a missed approach and go-around, and hence a wide FOV is required. 

For the first case, IFR landing under Category I or Category 
II visibility conditions, a horizon is needed at altitudes above 
possible cloud layers, and a presentation comparable to that of visual 
systems of commercial transport simulators for altitudes below Category 
II ceilir.gs. Typical parameters for such a Category II visual landing 
simulation would be: 




o 


FOV: 30 x 50 This FOV, which has proven ade- 

quate for simulators of commercial 

- r -~ - - : — transports, is far less than the 

FOV of the vehicle. A recent 

study- reported "The result of 
flight trials, at night and in low 
visibility, with restricted peri- 
pheral vision are described. The) 


were undertaken to discover 
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whether lack of peripheral vision 
was a major cause of poor landing 
performance on conventional flip.*'' 1 
simulators. The results show thatj 
landing performance in flight is 
almost unaffected by loss of peri- 
pheral vision, even in poor 

visibility 

* Armstrong, B. D., Flight Trials to Discover 
Whether Peripheral Vision is Needed for 
Landing. TRC Report No. BR-233291. Nov. 

1970. Abstracted in Ergonomics Abstracts 
1972, Vol . 4, No. 2 ; original not seen. 

This cotifirrs an older study** 
by Roscoe in which it was shown 

i 

that pilots could execute satis- 

9 « o 

T ; factory landings with only a 10 

! x 10° periscope view. 

** Roscoe, S. N., The Effects of Eliminating 
Binocular and Peripheral Monscular Visual 
Cues Upon Airplane Pilot Performance in 
Landing! -Journal of AppHed Psychology 1948 

32. 649-662. 
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As noted earlier, the task of 
landing the craft ig qualitatively 
different if ceiling and visibilit 
substantially unrestricted, ard 
hente a different set of visual 
requirements holds for these largely 
VFR landings. These requirements 
include a wider field of view, sitjc® 
the pilot has time to look around 
and utilize the data obtained, ant) 
terrain contents compatible with 
altitudes, during the terminal 
approach and along the glide slopes. 

Color is desirable, but not absolutely necessary; if a pilot 
can shoot a landing with a monochromatic presentation, he certainly can 

f 

do so with a color system.. 

« !> 

A target acquisition study (Fowler, F. D., and Jones, D. B., 

1 'Target Acquisition! Achilles Heel or the Display's the Things'.' 

Proceedings of Society for Information Display, June 1972.) indicated 
that "for the relatively high contrast target/background combinations 
(21-85%) there was no difference between color and black and white dis- 
plays for either detection or recognition.” 

The repudiation of the need for color would fee invalid if it 
were necessary to use as cues the different colors of airport runway 
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and taxiwuy lighting. Lack of such color differentiation (in a 
monochromatic system) is thought to make the landing task slightly i ore 
difficult, but certainly not impossible , We may conclude that color, 
while desirable, is not absolutely necessary, and may be traded off, if 
needed for brightness, F07> etc. 

During Abort Modes 4 & 5, and to some extent during Abort 
Mode 3, the crew is engaged in space, rather than atmospheric flight, 
and the out- the -window visual requirements approximate those of 
orbital flight. These requirements are discussed in the following 
section . 


k.^euver Range: 


Bsyasi-® 


Area simulated modestly larger 
that that visible under Category 
II conditions. Go-arounds will n< 
be possible in the configuration 
without jet engines, which great 1; 
increases the area that need be 
simulated. . 


6. 2. 9. 4 Orbital Operations Phase 

.. ; During this phase, both front and rear windows are available 

fdr use. The front windows only will be used during the actual perfor- 
mance of orbital changes, even though the rear, as well as the front, 
could be used for viewing the jettisoned external HO tank. T bus, the 
needed scene content is for the front windows only and includes exter- 
nal 1,0 tcok, the horizon, end fur hips celestial bodies, if these are us 
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for orientation. The cloud cover over the earth may be homogeneous 
and extensive enough to eliminate position cues and hence simulation of 
ground points is not required; however, attitude cues are provided by 


the horizon. 


During this phase, the alignment of the backup navigation sys- 
tem is accomplished by an optical sighting device similar to the CSM 
Crewman's Optical Alignment Sight (COAS) ; constellations should be 
provided for identification since the stars preferably are selected to. 
be sighted. However, the sun, moon and any of the four brightest plan- 
ets may also be used. The simulation of the starfield used with COAS 
need not be better than +0.75° the accuracy of COAS. Apollo starfield 
simulation for COAS has proven satisfactory. 

Field of View: Full window coverage desirable, 

6 . 2 . 9 . 5 Rendezvous 

During this phase, the visual requirements are similar to tnose 
of Orbital Operations, with the requirement of the rendezvous vehicle 
being substituted for the external hydrogen/oxygen tank. 

At a slant range of 300 n.m. the target is acquired by means 
of TACAN. Assuming the rendezvous target to be another orbiter 110 ft. 

•i 

in length and perpendicular to the line of sight, the target will sub- 
tend an angle of 13 arc seconds, a subtense well below the resolution 


of any known system. 

The distance at which visual acquisition of the rendezvous 
vehicle will occur depends on whether it is a bright object; v 
against a dark background (rendezvous usually begins this way - in 
darkness) or vice-versa, and the contrast between it and the background 
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When the rendezvous vehicle is considerably brighter than the back- i 
ground, it w m be detected when it subtends no more than a few seconds 
of arc, e.g., at the jCO n.m. TACAN acquisition range; when it is ! 

considerably darker than the background, it will be detected at about ' 
130 n.m., when it subtends about half a minute of arc. The or.guUr 1 
subtense of tin: rendezvous vehicle when it is visually acquired cannot 
be duplicated in a simulator within an order of magnitude with the re- 
solution actaiiu-.blo wi:h current visual system technology; however, 
visual acquisition at maximum range, while desirable for procedural 
purposes, does not appear to be a difficult task requiring training. 

To cope with this limitation, it is suggested that the simulator Inape 
' ' ' ' vehicle be maintained at no less than 2 or 3 reso- 
lution elements, or the actual subtense, whichever is greater, so that 
the rendezvous vehicle can be visually acquired and tracked properly. 
Critical visual tasks, from a train;-; standpoint, during this phase 
include determining the direction and distance of the rendezvous 
vehicle, and maintaining own vehicle orientation. In addition to the 
rendezvous vehicle, the visual scene must include the horizon, celestial 
bodies that are used for orientation, and the earth. . , 

Field of View: 

iv,.l vjxnJov/ coverc&c ocsirable 


i 
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6 . 2 . 9 . 6 Docking and Undocking, 

The primary scene content during this phase, like rendezvous, 

is the target vehicle which needs to be identified and its attitude 
determined visually. That vehicle can subtend a large portion of the 
field of view, and depth effects, negligible during rendezvous, be- 
come pronounced when the target vehicle is near to, or docking with the 
orbiter. Since the rear station is used for docking, this phase re- 
quires simultaneous use of front and rear windows. The effect of 
docking lights should be provided, since these lights help in distance 
estimation. The problem of manipulator arm simulation is discussed in 

the following section. Payload Operations . 

F0V . Full window coverage desirable 

6. 2. 9. 7 Pavload Operations 

The visual simulation requirements during this phase, which 
is almost exclusviely concerned with manipulator arm operation, pertain 
to the rear window; it is assumed that the operation of manipulator 
arms is not accomplished via the front windows . There are two rather 
disparate aspects of the task of using the manipulator arms. The first 
is purely perceptual, and relates to determining the relative positions 
of the arms and various potential targets. The criticality and diffi- 
culty of this task directly affect visual simulation fidelity require- 

« 

ments. The second aspect of the task is psycho-motor: placing the 
manipulator in desired positions. This aspect involves multi-dimension 
tracking, and its criticality and difficulty affect the requirements 


hi 
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for fidelity of simulation of the dynamics of the arm (e.g., iteration 
rate). It is believed that the difficulties reported by Martin- 
Marietta in accomplishing manipulator arm maneuvers (in a simulation 
setting) stem from the inherent difficulties of multi-dimensional 
tracking, rather than from simulation inadequacies > and that, compared 
with that tracking task, the perceptual tasks involved are comparatively 
easy. Hence, high fidelity simulation of the visual scene, in parti- 
cular pvovid irg binocular (si ere ops is) cues, should not be necessary, 
since monocular depth cues, such as relative size and interposition, 
provide sufficient visual information. The simulation of the dynamics 
of the relationship between movement of manipulator arm controls and 
the locus of the image of the arms must be simulated with high fide- 
lity. With a one-dimensional tracking task, Warrick (WADC RN 55-348) 
reported that lags of as little as 50 milliseconds in display degraded 
tracking performance significantly. With a multi-dimensional tracking 

f * 

task, effects of such lags. would be no less serious; a very tight 
coupling of the visual display to the manipulator arm controls in Che 


simulator is therefore required. 

The uncertainty of the position of the manipulator arm 
relative to a target, resulting from the limited resolution of the 


visual system, should be no worse than the inaccuracy of manipulator 
arm positioning itself. At a maximum arm reach of 50*, the +2" tip 
positional accuracy corresponds to 11.5 arc minutes. Hence a visual 
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system with a 6 '^resolution would increase manipulator arm positioning 
inaccuracy by ^2 or m (fronl 2 „ to ^ flt the ^ ^ 

distance; at closer distances, which are both more likely and more task 
critical, the incremental error due to visual system resolution (or 
rather the lack thereof) would be less. 

Floodlights and especially, spotlights need to be accurately 
simulated, since they provide a number of cues; the position size, 
and shape of the shadows they cast, the brightness of the field they 
illuminate as a function of distance, etc. These cues enable the re- 
lative viewing distance of various elements in the field/ of view to 
be determined, i.e., what is closer, and what is further away. 

F0V ‘ Full window desirable. 

^°^ 0r * Monochrome adequate 

6. 2. 9. 8 Deorbit * 

The selection of a landing site, one of the objectives of 

this phase, is not performed visually; indeed, most of the earth 
below may be obscured by cloud cover and/or on the night side of the 
day /night terminator. The visual simulation requirements for this 
phase are identical with those of Orbit Operations. . 

6 . 2 . 9 . 9 pp. r.ry 

The visual simulation requirements for entry are identical 
with those of the orbit phase that precedes it. 
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6.2.9.10 Approa ch and Landi ng 

The visual simulation requirements for this phase are identi- 
cal with those of the Abort Phase, since approach and landing is the 

same whether accomplished under abort conditions or under normal 
mission conditions. 


6.2.9.11 


This phase can be partitioned, for visual simulation purposes 


into five sub-phases: 

Taxi 


Takeoff & Climb 
Cross-Country 
In-Flight Refueling 
Approach & Landing 


REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR ! 


The following paragraphs address, for each sub-phase, the 
desirability of visual siralntion, and (if desirable) the visual simu- 
lation requirements. 


6 .2.9.11 .1 Taxi 


i i : 


There is a paucity of information on visual simulation of 
aircraft taxi. No training simulators have stressed taxi, though the 
capability for taxi exists, as a fallout of landing simulation, in 
camera-model and computer-generated-image visual systems. It is 
generally accepted that, 1) commercial transport pilots are exposed to 
enough actual aircraft taxiing duv xi:..,. 1 training, ev* n in training 

programs emphasizing simulation and minimizing flying, to el iruinc. 
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the need for simulator training in taxiing, and 2) taxiing is a skill i 
that is easily learned, and 3) the cost and risks of training taxiing 1 

(as contrasted with other flight phases) in the aircraft itself are 
quite acceptable. 

There thus appears to be no requirement for simulating the 

* 1 ? 

visual aspects of taxiing, although if such capability "falls out" of 
other requirements, it could be utilized. 

* Ibis is in spite of the fact, noted by J. Roebuck in 
NAR Internal Letter SSP-PE-72-034 of 13 August 1972, the : 
"Because of his height above the ground (approximately 
22 feet) during rollout and taxiing the pilot (based on 
7-<7 experience) will think he is moving about 1/2 as 

fast as he actually is 

6 • 2 . 9 . 1 1 . 2 Takeoff and Climb 

As with taxi, there is a paucity of information on visual 

simulation of takeoff and climb. The out-the-cockpit visual scene pro- 
vides, during this phase ■ 0 

* steering^ -information, to aid the pilot in keeping the 

aircraft on the runway. 

' run di - sta nce to aid in determining whether to abort 

takeoff 

. horizon or equivalent data that aids in keeping wings 
level, or as a bank angle reference 


i 
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. height information that tells, for example, when the 


wheels have left the ground and -the landing gear can be retracted 

The visual simulation system requirements for this phase 
are identical with those for landing, discussed earlier. 

6-2.9.11.3 Cross Country 

Since weather and visibility conditions may require this 

sub-phase to be conducted entirely on instruments, without visual 

reference, there is no requirement for visual simulation here. 

However if a horizon and cloud cover can be provided with no increase 

in complexity, it is desirable. 

6.2.9.11.4 In-Flight Refueling 

The flight by visual reference required during this phase 

is similar to formation flight. The Air Force has conducted in-flight 

refueling on a routine operational basis for some two decades, but has 

not moved seriously toward developing visual simulation for training 

in in-flight refueling. A development program in this direction was 

initiated in the early sixties, but dropped before prototype construc- 


tion. 


In light of the Air Force’s experience, it would appear 


that visual simulation for Orbiter in-flight refueling is not really 
necessary, and, in view of the small number of in-flight refueling 
that can be anticipated with the small number of ferry flights pro- 
jected, no substantial effort should be directed toward development 

of visual simulation specifically for in-flight refueling. As with 
^ taxi & cross country, if the capability for visually simulating in-flight 
“ fueling "falls out"of other visual simulation efforts, it might very well 


i 
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exploited . The image generation requirements for in-flight refueling 
appear to be similar to those of rendezvous (when the tanker aircraft 
is distant) and to payload operations (when the tanker aircraft is near 
by) . 


6.2.9,11.5 App roach and Lan ding; 


The visual scene during this sub-^hase of Ferry Flight 
differs from that during the Approach and Landing phase of an orbital 
mission in several respects: 

1. The flight profile is different; during Ferry 
approach and landing it resembles that of a commercial transport. 

2. Power from jet engines is (barring catastrophic mal- 
lurctioning) always available; during return from orbital missions 
such power is not available. 

3. As a consequence of 1 and 2 above, such maneuvers as 

circling approaches and rejected landings (go-arounds) can be performed 
during ferry. . 

4. Many additional airfields are candidates for Orbiter 

use during Ferry, both programmed and emergency. L 

Hence a visual scene meeting the requirements noted for 
the Approach and Landing phase of orbital missions should also meet 
the requirements for the approach and landing sub-phase of Ferry. 

«£ _ __ _ . ' ’ | 

O I 


U. 
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6.2.9.12 Summary 

Tables 6. 2. 9-1 through 6.2.9“6 summarize the visual system 
requirements phase by phase; the total requirement derives from the 
need of the simulator to meet these individual phase requirements. 
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ABORT PHASE 


ORBITAL 


DOCKING 

PAYLOAD 



APPROACH 

1 FERRY PHASE 


MUIJ& 

-.1.2. _ 

MODE 

<•3 

mode ■ 

H 

OPERATIONS 

PHASE 

RENDEZVOUS 

PHASE 

UNDOCKING OPERATIONS 
PHASE PHASE 

pS-ORBlT 

PHASE 

ENTRY 

PHASE 

L LANDING 

PHASE 

TAKEOFF 

appio.uI 
& LANDlNi 

N/R 

X 

* 

• EXTERNAL 
HYDROGEN 
OXYCEN TANK 

REQUIRED 
}) IN 

•ATTACHED 
POSITION 
2) DURING 
SEPARATION 

REQUIRED 

1) IN 

AT TACUED 
POSITION 

2) DURING 
SEPARATION 

REQUIRED 

1) IN 

ATTACHED 

POSITION 

2) DURING 
SEPARATION^ 

n 

i 

REQUIRED 

n in 

ATTACHED 
POSITION 
2) DURING 
SEPARATION 
an instanta- 

eous separal 
s acceptavit 

N/R 

:ion ’ • 
0 

N/R 

N/R 

1 

N/R 

N/R 

N/R 

N/R 

• 

PLUMS FROM i 
SR?.; TERMIN- 
ATE N 

REQUIRED 
1) EFFECT OFi 
PLUME ONLY i 

REQUIRED 
I <100 SEC 
1) EFFECT 
OF PLUME 
ONLY 
N / Ilt>109 
SEC 

N/R 

N/R 

N/R 

• i 

N/R 

1 

N/R 

N/R 

N/R 

N/R 

N/R 

N/R 

A 

Pail, Wings & 
SIBfc OF 
VFl.if.LE 

N/R 

N/R 

N/R 

N/R 

N/R 

REQUIRED 

REQUIRED ■ 

S’/R ! 

N/R 

N/R 

N/R 

* 

CARGO BAY 

N/R * 

N/R 

N/R 

N/R 

N/R ! 

REQUIRED 

REQUIRED 

N/R 

N/R 

N/R 

i 

N/R 

N/R 

* 



• 



U DOCKING 
TUNNEL IN 
EXTENDED 
POSITION 
ONLY • 

1) COCKING 
TUNNEL AND 
CARGO HAY 
POORS 
DYNAMIC 

2) PAYLOAD 
FROM STOW- 
ED POSITION 
TO DYNAMIC 
POSITION 

3) THUN ION 
LOCATIONS 
VISIBLE 
EMPTY BAY 
A) CARGO BAY 
FLOODUChTS 
ILLUM1NATINC 
CARGO BAY ! 

9 

i 

* 

Mit?! 0 '™ HBQUmBD 

REQUIRED 

REQUIRED 

REQUIRED 


REQUIRED 1 

lEQUiRED REQUIRED 



REQUIRED 

REWUin ED 
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HORIZON-INTER FACE 
BETWEEN TOP OF 
CLOUD LAYER & SKY 

ABORT PHASE 

* ' APPROACH 

ORBITAL RENDEZ- DOCKING & ’ & FERRY 

PRASE 

Approach- 

L LANDING 

MODE 

HI 

MODE 

a 2 

MODE 
#3, A, 5 

OPERATIONS VOUS UNDOCKING DE-ORBIT ENTRY LANDING 

PHASE PHASE PHASE PHASE PHASE PHASE 

TAKEOFF 

NOT 

REQ’D 

REQ’D 

REQ’D 

REQ’D 

REQ’D 

REQ’D . 

REQ'D 

REQ'D 

REQ’D 

NOT 

APPLI- 

CABLE 

NOT v 

A P PLI- 
CA BLE 

• HORIZON INTERFACE 
BETWEEN EARTH 
A SKY 

REQ'D 

m 

REQ’D 

NOT 

REQ’D 


NOT 

REQ'D 

NOT 

REQ'D 

NOT 
n EQ’D 

REQ'D 

REQ'D 

REQ'D • 

CEILING HEIGHT 

100-50, 000-' 
FT. 

100-50, 000 
FT. 

100-50, 000 
FT. 

NOT 
A P PLI- 
CA HLE 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

100- 

50.000 

FT. 

100-50.000 

FT. 

100-50,000 

FT. 

VISIBILITY 

1,800 FT. 
j TO 15 NM 

1,800 ft; 

TO 15 NM 

1 . 800 FT. 
TO 15 NM 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

1. 800 FT 
TO 15 NM 

1 . 800 FT. 
TO 15 NM 

1,800 FT. 
TO 15 NM 

ILLUMINATION BY OWN 
VEHICLE LANDING LIGHTS 

_ 

DESIRABLE 

DESIRABLE 

mgm 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

DESIR- 

ABLE 

CABLE 

i.'ESlRABLE 

DESIRABLE 

TIME CF DAY 

DAYLIGHT TO 
DARKNESS 

DAYLIGHT TO 

DARKNESS 

' 

DAYLIGHT TO 
DARKNESS 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

1 

NOT 
APPLI- 
CABLE 1 

NOT 

APPLI- 

CABLE 

DAY- 

LIGHT 

TO 

DARK- 

NESS 

DAYLIGHT 

TO 

DARKNESS ! 

DAYLIGHT 

TO 

DARKNESS 

‘ CLOUD COVER 

NOT 

APPLICABLE 

HOMOGEN- 

EOUS 

HOMOGEN- 

EOUS 

HOMOGEN- 

EOUS 

HOMOGEN- 

EOUS 

HOMOGEN- 

EOUS 

_ 

HOMO- 
GENE- 1 
ous 

HOMO- 

GENE- 

OUS 

'OT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

DAY NIGHT TERMINATOR 

NOT 

APPLICABLE 

NOT 

APPLICABLE 

REQUIRED 

REQUIRED 

REQUIRED 

REQUIRED 

REQUIRED 


BrmM 

MOT 

APPLICABLE 

NOT 

APPLICABLE 

One LANDING strip: 
KSC - _ . - •**:• r 

WITH FA A CATEGORY II 
RUNWAY MARKINGS AND 
LIGHTS 

REQ’D 

REQ'D , 

REQ’D 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

NOT 
A PPLI- 
CABLE 

NOT 

APPLI- 

CABLE 

lEQ’D 

lEQ’D 

REQ'D . 

* 

NOSE OF VEHICLE 
OCCULTA.TION 

REQ’D 

REQ’D 

REQ’D 

REQ’D 

REQ’D 


REQ’D 

REQ’D 

REQ’D 

{EQ’D 

REQ’D 

ORBITAL EARTH SCENE 

NOT 

REQ'D I 

NOT 

EQ'D 

REQUIRED 

REQ'D 



REQ'D 

REQ'D 

Bpgjlg 

NOT 

REQ'D 
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MODE 

i 1 

RT PHASE 
'MODE 
a 2 

"MODS 
P3. 4, 5 

CONSTELLATIONS 

NOT 

REQUIRED 

NOT 

REQUIRED 

REQUIRED - 
QUANTITY^ 

NUMBER OF STARS 

NOT 

REQUIRED 

NOT 

REQUIRED 

21000 

CONSTELLATION 

IDENTIFICATION 

NOT 

REQUIRED 

NOT 

REQUIRED 

REQUIRED BY 
CONFIGURATION 
AND MAGNITUDE 


f 



SUN (SYMBOLIC) ' 

MOT 

REQUIRED ■ 

1 

NOT 

REQUIRED 

REQUIRED 

f*. - 77 ”-- _ ^ 

• - ?/ 

■ 

r;. 

L 

* * ' 


ORBITAL 

OPERATIONS RENDEZVOUS 
PHASE PHASE 

REQUIRED 

QUANTJTy~83- 

REQUIRED 

2UANTlTY/^88 

21000 

21000 

REQUIRED BY 
CON FIGURATIOI' 
AND 

MAGNITUDE 

REQUIRED BY 
£.*ON FIGURAT- 
ION AND 

I 

4 

REQUIRED 

REQUIRED 


DOCKING & 
UNDOCKING 
PHASE 


1000 


PAYLOAD DE-ORBIT 
OPERATIONS PHASE 

Required 


f^ITY-SS 


2^1000 


Required Required 
by configupby confi- 
rmation & juration & 
-fea^nitude- ■ |t; 3 gnitude-t- 


REQUIRED 


REQUIRED 
QUANT 

2:1000 


REQUIRED BY 
Configuration 
1AND MAGNITUDE 


REQUIRED REQUIRED 


"T> 


-'i 


ENTRY 

PRASE 

NOT REQUIRED \ 

SUFFICIENT NUMBER 
FOR ATTITUDE MOTION 
REFERENCE ONLY 


NOT REQUIRED 


REQUIRED 


IMAGE CONTENT - "CELESTIAL BODIES" 


TABLE 3 OF 5 


TABLE 6.2. 9-3 


/* 















6-54 ; 

12/22/72 \ 



Rendezvous phase 

DOCKING AND UNDOCKING PHASE 

,1 £ / / t/ / J 

PAYLOAD OPERATIONS PHASE 

VISUALLY DETECT TARGET 

300 n.m. 

0 lo 10 N.M. {COLLISION POSSIBLE) 

OTO 1 N.M. (COLLISION POSSIBLE) 

SUBTENDED ANGLE AT 
WHICH TARGET ATTITUDE 
IS IDENTIFIABLE 

NOT REQUIRED 

jil.50 ’ 

>1.50° 

QUANTITY OF SIMULTANE- 
OUS TARGET VEHICLE 

ONE TARGET 

ONE TARGET 

FIVE TARGETS 

MAXIMUM 'MINIMUM SIZE. 

ANOTHER OUDITER: LENGTH * 111 FT., 
SPAN - HO FT/SATELLITE: 100 INCH 
DIAMETER SPHERE 

ANOTHER OR BITER: LENGTH ® III FT., 
SPAN - 30 FT. /SPACE STATION: 
CYLINDRICAL, LENGTH = 15 FT., 

ANOTHER ORBITER: LENGTH * 111 FT., 
SPAN * SC FT. /SATELLITE: 100 INCH 

DIAMETER SPHERE 

TARGET VEHICLE 
MOVING HARTS 

NOT APPLICABLE 

i N/ll: 

} 

N/R : 

TARGET LIGHTS, l.e., 
ACQUISITION, TRACKING 
AND ANTI-COLLISION 
LIGHTS ONLY 

REQUIRED: SOME TARGET VEHICLE WILL 
HAVE NO LIGHTS. FOR TARGET 
VEHICLES THAT DO HAVE LIGHTS THEY 
WILL BE CONTROLLABLE AND THE 
LIGHTS WILL BE FIXED TO TARGET, 
HOWEVER. TARGET ATTITUDE IS A 
VARIABLE. 

4 

REQUIRED: SOME TARGET VEHICLES 
WILL HAVE NO LIGHTS. FOR 
TARGET VEHICLES THAT DO HAVE 
LIGH TS Tl I E Y W1 LL B E 
CONTROLLABLE AND THE LIGHTS 
WILL m FIXED TO TARGET, 
HOWEVER. TARGET ATTITUDE IS A 
VARIABLE. 

REQUIRED: SOLE TARGET VEHICLES WILL 
HAVE NO LIGIirS. FOR TARGET VEHICLES 
THAT DO HAVE LIGHTS THEY WILL BE 
CONTROLLABLE AND THE LIGHTS WILL BE 
FIXED TO TARGET, HOWEVER. TARGET 
ATTITUDE ISA VARIABLE. 

OWN VEHICLE LIGHTS 
ILLUMINATING TARGET 
VEHICLE 

NOT REQUIRED 

REQUIRED: (1) ILLUMINATION BY 
SPOTLIGHT FOR RELATIVE VEHICLE 
ATTITUDE REFERENCE, {2} 
ILLUMINATION BY FLOODLIGHT. 

. SHADOWS A LSO REQUIRED. 

NOT APPLICABLE - SEE IMAGE CONTENT - 
’REMOTE MANIPULATOR ARMS" TABLE 5 OF 5. 

SUN SHADOWS ON 
TARGET VEHICLE 

NOT REQUIRED 

DESIRABLE 

DESIRABLE 

VISUALLY DETECT PAYLOAD 
RETENTION FITTINGS 

NOT REQUIRED 

NOT REQUIRED 

REQUIRED: RANGE ■ 0 TO SO FT, 



IMAGE CONTENT - "TARGET VEHICLE" TABLE 4 OF 5 
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. 

PAYLOAD OPERATIONS 

PHYSICAL DIMENSION 

LENGTH = 50 FT. (TO END OF 
TERMINAL DEVICE) 
DIAMETER = 8 INCH MAXIMUM 

TERMINAL DEVICE MAXIMUM/ 
MINIMUM RANGE 

50 FT./10 FT. 

VISUALLY DETECT DEGREES OF 
FREEDOM 

REQUIRED: VISUALLY DETECT 
EACH DEGREE OF FREEDOM BY 
EFFECT OF CHANGE IN POSITION 
AND/OR A TTITUDE . ALSO , 

MOTION OF TERMINAL DEVICE FOR 
OPEN/CLOSE TRANSITION . 

LIGHTS 

REQUIRED: SIMULATION TO SIGNIFY 
BLINDING BY THE SPOTLIGHTS ON 
EACH ARM NEAR TERMINAL DEVICE 
BY SOME MEANS IS REQUIRED. 
SPOTLIGHT SHADOWS BY EITHER 
ARM OR OWN VEHICLE OR TARGET 
VEHICLE. 

ARMS FIXED TO DOOR 

REQUIRED: ALSO MOTION FROM 
FIXED POSITION OF OPERATIONAL 
POSITION AND VICE-VERSA. • 

VISUALLY DETECT ARM 
JETTISONING AND EXPLOSION 

REQUIRED: AN EXPLOSIVE BOLT 
DEVICE IN CASE OF FROZEN JOINT 
MALFUNCTION 


IMAGE CONTENT - "REMOTE MANIPULATOR SYSTEM ARMS" 
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1. ORBITAL PHASES 




2 . 


AERODYNAMIC 

PHASES 


3. DOCKING 

.MISALIGNMENT 


TRAN r SX 
VELOCI i r Y 


25,500 
23, 000 fps 


140<V5000. • 
knots DESIGN 
TOUCHDOWN 
SiNK RATE « 

o-io fps 


Max relative 
velocity at 
docking *• 
t 0,5 Ipa 


AWlT7”3 

ACCELERATION 


max AV = 1000 fps 
(burn time not 
specified) 


Q^ACC.— 40 it/ 
sec 2 


DISPLACEMENT 


all-altitude 


-30°- bank 
angle 5 30“ 
-10 n Sslide 
slip <10° 
-3° < pitch 
angic520“ 


Docking 
Angular Mls- 
Alignmeftt = 
i5° 

Docking Roll 
Misalignment ■ ±7" 


VRoWflGjT 

VELOCITY 


minimum « 
0. lVscc 
maximum » 
TDD 


0*1 Pb** 

20"* /see 
0-1 q B l^ 
5'7scc 
0^Ir Q l< 
5Vsec 


Max V at 
docking 

{active vehicle) 

= i r/sec 
Max V at 
docking 

(passive vehicle) 
» ±0. l"/sec 


ACCELERATION 


0 - 1 roll acceler- 
ation 1 <5°/sec 2 
0 5 1 pitch acceler- 
ation I 52. 5"/sec 2 
0 51 yaw acceler- 
ation 1£2. 5"/soc z 


0^1 p B 1^ 1.5 rad/sec^ 
05 1 q B 1 5 0. 5 rad/sec 2 
051 r B 1 5 0.5 rad/sec 2 


SHUTTLE MOTION PROFILE 


.TABLE 6 . 2 . 9-6 
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6.2.9.13 .Mo tion Cue Coord ination 

Motion and visual cues are important in a number of 
critical mission phases and flight maneuvers. The visual scene providetj 
essential control information, while cockpit motion cues permit the 
crew to anticipate some control requirements, and to assess the effects 
of others, before they are reflected either in the visual scene or in 
the cockpit instruments. The development of the piloting skills re- 
quired in a specific aircraft consists largely in learning specific 
relationships between motion, visual and instrument cues and aircraft 
responses in various configurations and flight environments. The coor- 
dination of motion and visual cues in the flight simulator is thus 
critical, in providing a learning environment which is as representative 
of the actual aircraft operating environment as is possible. 

It is impractical to design a simulator which duplicates 
all aspects of the vehicle being simulated. Some aspects of the 
vehicle must be neglected for economic reasons and some due to •limita- 
tions in the technology of simulation. Some vehicle characteristics 
must be modified to permit optimum control of the training situation. 
Decisions concerning the representation, deletion and modification of 
vehicle characteristics will be based on a complete training analysis. 
However, when visual and motion cues. are identified as relevant to 
training, it will be necessary to coordinate their simulation within 
limits established by the perceptual capabilities of the crews to 
be trained. - ----- - • — 
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In learning the skills required to operate a specific air- 
craft, the pilot must, largely through trial and error, learn to predict 
the timing and magnitude of control inputs in a variety of flight 
maneuvers, aircraft configurations and operating environments* When 
the aircraft responds to a control input, or to turbulence or to some 
other external disturbance, the pilot must sense the direction and 
magnitude of the aircraft response, estimate the input required to can- 
cel it, make the input, observe the effect of the input and repeat the 
cycle until the desired aircraft response or state is attained. Depend- 
ing on the circumstances, the pilot may concentrate his primary attention 
on either the visual scene or the cockpit instruments. Regardless of 
which source of data is primary under a given set of conditions, cockpit 
motion usually provides additional information which is useful in 
establishing control. Motion cues have the primary effect of alerting 
the pilot to the general nature, direction and extent of aircraft 
response. Because they are frequently sensed prior to the visual and 
instrument cues accompanying a response, they tend to T, quicken ,f the 
pilot's control capability, and in some aircraft and flight conditions, 
make the difference between acceptable and unacceptable pilot con* 
trol. The alerting function of motion cues makes it essential that 
they be provided in the simulator in the same temporal relationship to 

! 

... I 

the visual and instrument cues which they accompany in the aircraft. 

The perceptual limitations of the pilot permits some discrepancies 
to exist between the simulator and the aircraft, but these are rela- 
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tively small, and are proportional to the normal time periods existing 
in the aircraft, between the occurrence of motion and visual cues. In 
research by Woodrow (1) and by Blakely (2) on the estimation and repro- 
duction time intervals, from 0.2 to 2.0 seconds, it was found that 
subjects could perceive differences of about 87. of the standard mtervay 
Assuming a reasonable correspondence between these laboratory functions 
and the timing functions in multi-dimensional aircraft control, accu- 
racy of visual and motion cue coordination should be within 10% of the 
relationships measured in the aircraft itself. 

1. Woodrow, H. , Time Perception, Chapter 32, Handbook of Experimental 

Esychology, S. S. Stevens, Ed., Wiley, 1951. 

2. Blakely, W. in Woodrow, H., Time Perception, Chapter 32, 

Handbook of Experimental Psychology, S. S. Stevens, Ed., Wiley, 1951 
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6.2.9.14 Visual System Monitoring Requ irement s 

Traditionally, the simulator instructor monitors student 
performance in order to provide guidance in the learning of well-definec 
tasks and to evaluate progress in the development of specific, essentia] 
skills. In the Shuttle, the procedures and skills being trained will 
be somewhat less well-defined until operational experience becomes 
available. As a result, the simulator will be used initially, as much 
for the development of effective and efficient operating procedures as 
for pure crew training. The instructor will provide guidance and lie 
will evaluate crew performance, but he will not operate in the classic 
instructor-student relationship. He will operate as a, skilled and 
experienced colleague in a team responsible for bringing both operating 
procedures and crews to optimum levels of efficiency prior to Shuttle 
operation. 

Although the instructor will be a member of a well- 
integrated team, his functions require information and control capabi- 
■’ lities unique to these functions, to enable him to control the operating 
situation for optimum learning and to monitor performance parameters 
which are not normally accessible to the crew in flight operation, but 
which have significance for optimizing training. 

Requirements for instructor monitoring of crew visual 
tasks were derived through a gross analysis of crew and instructor 
7 functions in relation to training for atmospheric and orbital opera- 
tions . This analysis is summarized in Table 6 .2 .9-7 , IOS Visual Monitoring 




mt 


' mission pimse 


1.0 ADOPT 1 

(O-JO •*«) 


rrn» visual ta se: 


1.1 anvnv I'W'iiram. 


\Q 

I 

VO 


2.0 


ABORT 2 
(GLIDE 
RETURN! 
30-86 tec) 


1.2 rnNTHnr, vehicle attitude add 
FLIGHT f AIM TO Al*l ROACH ADOK' 
RiMIVAY AT HoMINAL A1R5H.FD, 
SINK pV*T. Ann ARflLF. UK 
ATI A OK . 


t .3 rrscrr/F and cotr.-p/’; altitude, 

HEAD I'll, SINK flATl. / VC AIRSPEED TO 

attain ni.y'JitiVG ai p» oatei ’flight 

PAf!l. 


1.3 AMOR vnurj.F with nimwAY 

AT U0H1HAL HANGf, ADD Al.Tl- 
7«0F. 


1.3 rrncKtvE ground rrftr< alignment 

WITH RUNWAY nnfTKM.I’fE mifNCJOR. 


|i. a crriTiiot, vrjiicir rn attajh 
ACHIRAL A 1 1C. FI ED MW MNX 
RATE AT Ti'IJ'.Mth'.vn (FI AH E); 
HA J MAIN RUMBA T ALKiPHI NT. 


X.* 8 EK.rK FLARt-OtiT AI.T3 IUUE; CONTROL 

ait minis to achieve iomihal AIR- 
SPEED ABO SINK RATE AT FLARF.-OUT 
ALTITUDE. 


fc.l 


P.2 A LION VI IIICI.E WITH BU1MAY 
AT Mi ,H 1 HA L RANCF. AHD 
ALTITUDE. 


Control angle of attack. "r” 

1 0AT All!! ATTITUDE TO REDUCE 
AUC.TFID AMD ALTITUDE TO 
NOMINAL VflLVi:; F»'R IIETURM TO 
MVDJN'J RITE; MAINTAIN TOTAL 
TEMI F’LMUHE urrtllll HOH I UAL 
LI Mlia. 


P.3 CONTROL VEHICLE TO ATTAIN 
POM) tiai. Ai:iom.n Aim sink 
RATE AT TOUniD'-TS; KAINTA’I 
PIJKWAT ALfCUMEHT. 


3.0 ABORT 3 3.1 MONITOR ABOUT T HO ORAM. 

(06*300 «e) 


j. 




2 ORIENT VEHICLE THRUST AXIS 
lHO rt TO naiOlRAL PLIfflIT 
PATH; CONTROL MAIN EfiQIHB 
THRUST TO DECELERATE TO 
ENTRY VELOCITY, 


ln<: •M-HAI. «• II i-nlMd HEyn nr.Mmt.T 

cmt» :m “1 em. ■ ' — "" | 


i.j K iiTiiri'i no*: JiT' 


.1 re:*-;nuk cup.«rcr u:i ct abort 

r.ELDIHCE: juiio*. WWIUlMHlf Foil 
MAIl'tAI. IKINtHiU. OF AUDIT. 


1.0 


l nr. ‘i (iijcrui^rjmrr ii>gs__ , 


2,1 PERCEIVE ATTITUDE AID GROUND TRACK 
to permit coRrnoL or plump paiw 

TO HSIIWAT. 


2.3 Pf.PCF.lVE OROUlll) TRA U ALIGNMENT 
WITH WWW At CENTITlL HE EXTENSION. 


3.3 SFMTF. ELATIE- OUT ALT' P’OE; CONTROL 
ATTITUDE TO ACHIEVE Km 1 HAL AIR- 

cmn Min sink hate at flare- out 
ALTITUDE. 


3.1 MONITOR VEHICLE ATI TUDE DURIKO 
RETRO -THRUST} KOIUT'H ABORT 
FRCKMAM. 


3.2 CONTROL vatict* ATTITUDE ARD OROUHD 
TRACK ALIGNMENT PRIOR TO AID DURINQ 
RCTR0-THHU3T. 
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ri ,0 K'Htr*‘H: • 

vmr'.'iir /.utiiiue flight 

prtlll AI!U CHI mm* 1 f.A'ZK DA. 
TA, fir. AVAPAIJI.F -TO UR 

CREW. 


b. VTHICI.P. lA’JWCIt SfSMFBCE 
KVMIR! tr. PI. I ATM! TD THE- 
S!.nr AND FUTURE FLIGHT 
PAH'S. 


c. pl I out cc'irnioL mode. 


d. EXTRAPOLATIONS OF VFLO 
CITY, ANOI F. OF ATTACK, 
AmiUl'K, FLIGHT PATH AIK 
GROUND TRACT RESULTING 
FRl'N rUOfSIlAHKED All D/OR 
MANUAL CONTROL INPUTS. 


DATA RFFl-KCTING SYSTEM 
PERFORMAHCE , rEHKClRMARCE 
CRITERIA ftB’I PERFORMANCE/ 
CHI TI.ru A DISCREPANCIES. 


CELECM 

•. data oir.rr.'r modes. 

b. CHEW riiACT.CB CONDITIONS. 




Dim AY.nr wtni 11171 rt 


0 • ‘ 

ft. 


C. MALFUNCTIONS AND OF.C HADED 
CONDI Tl GUO 


d. OR I ENT AT Ii. OK FLIGHT 
PATH AND II MOUND TI1ACK 
DlM’UVo FOR PEP FORMAN CK 
DIACROSIS AND GUIDANCE. 


KVAtXIATE A RP DIAr.NOse 

AND INTEGRATE DEVIATIONS 
PROM PROGRAMMED LAUNCH 
SEQUENCE. 


i.O 

CIAPUC DIM LAV fF 

f,l AT I A 1 . 1* r (A T I fill- AK-'R1 

V»I'HM F. ' 1 f If. II A’llf 

AIT’ inl'P . *A':r U AMI RE- 
TURN :.infs and I’’”. i nr u 
AND ACTUAL H-1'itiT PMIIS, 
CtF'UN'J lilf.f! .. .VI D MISSION 
Evt:i:r.;. ::.mi!D!'ir.iD 
ALn-A'IU-MU 1 ; Ilir-IIAY of 
F. s: rill At. nilii'T AM) PRO- 
CH.’U'ML rAt'A’D-Tf l*'i . READ- 
OUTS OF m;!VPf;AUCE COH- 
PARICOH DATA FOR CREW 
PERFORMANCE EVALUATION 
AND DIAGNOSIS. EXTRA- 
POLATIONS OP EFFECTS OF . 
CREW ACT 10HS OH VEHICLE , 
PLIGHT PATH AMO (MOUND 
TRACK. 


l’{ 

i. 


I --' 
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Mission PHASE, 


5.0 ABORT ♦ 
(ORCE- 
AAOVKBl , 
300-5A0 Me) 


gt! V 

3,3 cotunoL vrnrci" 

dTiif'in:, iM'rV 

nmtimn vi-:r.i ' * ! T, - r | 
ni ., sl i-i .hi rft r w . v. i'**''-' 
in', :»> v^'-r. TO HKTWIIH 

I to site. 

, A control ■rrnot'r, urAMim 
3 ' inn nviix ok Air^K. ro 
mmmTfWR choupd 

tpa"h A«o ;‘mn n ate he- 
ovm.o to Ruomi to landim 
SITE. 

•1 s align vnuotr wit* "uhvat 

3 5 AT JKHIHAL f'*N r >E * Nf) ALTI- 
TUDE: mm nta i o A«ni.E or 

AITACS. AlBMOr.H A'in MBA 
RATt WITtlin l« -Ml HAL LIMITS. 

3,6 control vehicle 
3 ikimiiial *ir:'iPI:i'd mo siiw 

RATI'. AT TfBI’W'iW! 

TAIM RtltrXAT ftl.l C?»1 IBT. 

” TTncniTon abort tp.oopam. 


h j mptoy roAS to check 
' t.VTKNS FOR TTIRWST CONTROL, 
INJECTION PCTAIIGilTIHO AAD 

TMlK disposal. 

A . 3 rM.ri.oT co*s to _ 

THRUST COHTHOL, lWSCtlW 
AN 0 TANK DISPOSAL. 

ft. ft 5EE 3-1 

1.5 EEK 3 .* 

1 ft . 6 STS 3.3 
t.t 3 .* 

ft. 8 MS 3.9 


vi:«\* iv-.vn;-- 1! ■ ;.J» '•-.'LV. 

rru'iJ.-.urvir.iAf, 

i ji AKiiiHH rnoui s fir 

, _ . ~ tv,, C0UTI10L VE.UtCIK ATTITUDR 

T'MAOK WITH IIMIF.CT TO BA/IOATlONNb 
l*Nt)HM1A.n. 


, k i-ntSF AND CONTROL ATT! THHE , ALTI- 
3 ‘ TiioF. Aim ground TRACK 1« RF.sfF.CT 
TO UWOHO BITE. 


i 3.5 PERCEIVE. OIMIOT TRACK AMOKWrST 

3 5 KITH BiniWAT CrHTERLlKt m»S-IO*. 


3.6 sense ru*s-oiit altiioi Si ccstbou 
5 ATTITUDE TO ACHIEVE l*ni 1 UAL *1 H- 
$n:rf> Arm 5 tnK hate t-T fiare-out 
AI.TI TTIDF.^ . - 

TTVhIT^r' VEMICLKATTITII f aMUl,D 

TRACK DUHINfl EXECUTION OP PRO- 
0 RAMMED AROHT SEQUENCE.- 

ft.? STAR iDEJfTiriCATIOR. AIO 9 IOTTW 0 . 


ft. 3 STAR innmricATio^siffliTiiiOAW 
3 COIIHF.IATI 08 WITH MTKT CONTROL 
PNCHWAN. 

ft. ft SEE 3-1 

ft. 5 SEE 3«* 
ft. 6 set 3*3 

5.7 8 El 3 -* 

5.8 an 3.9 


J KST fr)'.’T n fl M U 'CrrME I 

K hum. ITT f'F cm TO SELEC 
*’ AMD PK.nrOJlM Nf'HKAL ABORT 
I'UftCEI'liRKR WITHIN RE- 
QUI RM> ACCURACIES. 

e. vAi.iDin op ™jl RA,0<M 
AND MANUAL AMORT ^ 
SEQUENCES. 


ntSPtAT REgUI RT.NKNTS, 
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rarw JA!\Ka_ 
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lnnmucTon rvnCTTQgi 


OI ^P»AT HF.CHTBFMFUJ 


5.1 r.EB 2 


1 5.1 SEF. 3.2 
5.5 SEE 3-3 
5.C SEE 3.** 

0 . T aw. 3- r ’ 

6.0 wdbvouT 6.1 w^^^rSiSor"®: 

- 0MVOHB TARGET. 


5,2 8 t« 1.1 

n 3 sfrse Alio control vxmct* 
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TARGET. 
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OF TARGET ABO CW* VE1U -LS. 
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%. TAi!OFT/vnnru cirrunE 
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to At) iiAimuna vimiov mu) 

OF THAI. 

7 \ f.TARLIZE TAKM.T AND YWIICU5 T 
WITH HOCKIN'} A"AITH«:i I" 

PROS IN ITT TO EACH OTHER. 

7,4 orient oocrino adapters ro" 7 
IATCI1IN0 US I NO VEHICLE ATTI 
tvtok ano throat controls ANO 

RIHOTK KAfll FVLATOR 61 ST KM, 

AS REQUIRED. 


TRMHJRItiON or SMALL TAMrr ATTITUOI f 
AND VF.LOinrr CIIAMM. 


9 BFCOGJIITION OF CHALL TM^fET A7TITUOR 
•* 5fl«cm AND rt’OHT r«« CHANCES, . 
CHITICAUTT OP TARaET/ID'ICl£ 
PROXIMITY. 

> t RECOGNITION OF 00CI1S# IWtM# 

LATCH OAlWTATICN. 

f .*, f.f •** T*S 1' * 


tvai ji.M!' #m* im A'U i'.i'P.i 

. ■f ! 'TM«jiT-*VOItW 
III.! AT INK- Huri'in MUHIN 
NOMi I'AL LI MI H!S. 

b. CRIV FUF-L UTIU. HON. 

e , vAunrrr of nmtiFivous 

Turim mu rs . _ 

roniTioMANo ^ 
VKI/HMTIFC OP TMUlirr AND 
silt' r rt.Fi . A" opr-FRVEH by 

CIHM. 

*, nTRArofATTCNF OF TABflCT/ 
VP-11 1 CLP IR'TIONS INW'CLO 
pr KlIH'iFNT ATTITUDE AND 
TIWJST 1NIUTF.. 

C. ci'MI'Anitons or norr.mo 

Aim uni'HT-IN'l ITKKONHAN^. 

If Till N HI HAL PK.lFOHMANCI! 
CRITERIA. 

«. cntv PI'P.L UTILISATION. 

,, INERTIAL M0NWT3 JHJUg . 
TO TAM IT MID 3 TUTTLE BY 

chew input. 1 :. 

»~I>ata’ display modes 
b. TAROT CI1».»Am.ll»STIC».i 
e. MAUTNCTION9 ANO CF.0RAPII) 

CONDITIONS. 

a. orifntation of monitoniho 
OISPLATjS). 

KVA r, DATE Aw n O TAnNOEEl 

sTccktol orrwinrrMjiictf 

RELATIVX MOTION MI THIN 
NOMINAL LIMITS. 


Va me' 01 LIT AT OF -IAMCT. ' 
VI'IKT E MU' PtVTKINO *' MTEN 
pt |,ATI ON:.: . V.rf I II A I'lMAT 1 ON 3 
OF Ml EM INItlT KMTLTS ON 
TMUI'.T. VI.HlCO RI.1AIION3, 
AI.rill’IUKMtl': OiriTM OF 
CUK'.iHtR HAT FT. HF.m.EH TAR- , 
OF-T Mill VEHICLE, AND 01 

ritjy A 

Biimirniio *:< •kfarisob of 
pom.ii; ifhi''H!:an 'E and i 

NC-MIIIM. ri P^oi^APCE. j 

, urn: AT OF -'HIM VISUAL SCENE. I 
RE IE AT OF CULM TV HoN 1 TCN j 

SCPtlER AND OF OUTI'IIL or 
0711 1- R TV CAWRA3 IN HOCK- 
ING AREA. 

, CONTROLS FOR THE SF.IF.CTK* 
OF DISPLAYS AND 01 fl PLAT 
MOtlFS, tiKTH'M’HATlON OF 
TA HI'. Fir CHARACTERISTICS 
AND SYSTEM MALIUNCT10NS. 
CONTROLS POR THE RE- n 

DISPLATs'cr PAT LOAD/ VDIlCtK 
MUnOlSHXrt. 


Table £.2.9-7 
continued 


12/22/72 ■ 6-65 

A 3/23/73 

B 6/22/73 . ' - c in ; 


ios visual wmioi'jiiij KEQuiREMruTS 

'CTtTrC*L"VKH/n: [ 


13 


I'M? j yruM, JTA r r r, __ 

r.> 711 1.7 tllM'I'T Irtluuir. TO 

Acui.vf: ifrcrjNn 7'virrKn 
ui'Timu. 

T.S prir^r-r dockim iatciifii 
atiit thrust to r.rrARATK 

VUHCI.E FROM TAH'.ilT. 

7.7 Arr r.r thrust, control ATTI- 
TUDE TO STAT 10H-K FEP "N 

TAnirr. 

7.6 MONITOR TARGET POSITION RE- 
LATIVE TO MKXT ORBITAL TASK. 


B.i transfer payload from faprt 
mripcw view to fif.iji of view 

OF FAY IOAI/ HUIPLINO WINDOW. 

6.2 CCNTHOt. ATTITUDE AMO THRUST 
TO STATIC M Fi;KP OR !' AT LOAD, 

AT HOH1PAI. !)) S fAUCE . 

6.3 VNSTOW HATIIUITITOII APH(3)j 

ACTIVATE TV H'tFI T r 'R irr.TFM.ij 

translate mffctoh(S) to 

VICl’UTT OK rATLOAIJ RETEN- 
TION F1TTT!I';(3). 

n.A MONITOR noiIMITT OK EFFECT- 
OR;: AND Ai'Mlr.) TO I’ATlOADj 
AFI'LT ATT I TOOK nillVOH THRUST 
Ilnurs to cancel mutidns of 

TATloAD D'1« TO ARM CONTACTS 
WITH FATLCAD. 

6.5 TRAKSWTF OPEN EFFF-CTOR(S) 
TO CONTACT J’AY t.”AD HETENTIm 
FITTINI(S); ENCAGE EFFEC- 
TS)- 

6.6 CONTROL MANIPULATOR AHM(S) 
TO HOW PAYLOAD JKTO CAHOO 
BAT. 

6.7 CTOAOE PATLOAD RETEKTIOH PIT 
TTKQ.1 HITS PATLOAD THUN RIO* 
WIDE*. 


ltarsiiu} t'no nn rt_ 


*.« Dm 7.8 «*• ?.* 


0.1 RrCOCfllTtOR OP SMALL T/.RGET VFM>- 
CJTT RATES AMD ATTlTVCIi: CHAMES. 


8.2 BPCOOHITIOH OP SHALL TF-ROtT VF.LO- 
Cin RATES AND ATTlTDDi; CHAHOES. 


8.3 RECOGNITION AND CfNTPOL OF ARM ARD 
tFFErron ror-lTIPR MI1H HFSITXT TO 
PAT LT AD; CRITICALITY OF INADVERTENT 

excessive cchtact vim patwjad. 


0.H RECOIN TT I ON OP SMALL PFTLOAD VZLO- 
CIT1FS AMD ATTI1WE 017 N0F3. 


6.5 PtlCF-PTinB OP RK.TtSTlOB P1TT1R0/ 
EFFECTOR SPATJAL RELATIONS. 


8.6 F.ECOfJNtTION OP PATLOAD TRANSLATIOB- 
AL PATH ARO ATTITUDE WITH RESPECT 
TO CAHOO BAT. 

-fl.T ppHCEPTioB or mm i o.i pittisq/ 

TABmUON SPATIAL RP.UTIOM. 


IKSTHUCTOH FUN '7 1 CHI 


V. Ml " dm 1 ,» JBAn- 

VFHnnr cluta'iS ektwcen 
TA1I0IT Bill VI'IKLE, AND ■ 
OF TARGET IHENtlKS OVFH 
ARD ADOVE THOSE PF.QVIHED 
PT THE TASK. 

C. CREW rUFL UTILIZATION. 

8. VALID ITT OF D0CK1N0 ARD 
• UNDOCK I NO TFCHH1 OUES. 

8.0 KORT TOR; 8 . 

'•TTnUTrJY OF HF.IATIVE 
MDIC H PFTVr.KII 
FAYI/AD AND VEHICLE. 

b, CHIU DISPLAYS OF RFIA- 
TIVE PATITAD/VUItCLE 
HUT I OR. 

8. H* N II U I ATOH / PA Y [jOA D 
efatibi. rriATtrn:;; fitpa 
POIATHUS OF MANIPULATOR 
rATH'AO RFLATICnr. re- 

sui.Tma from ciurv iRnrrs 

4. cnMr.Mi. r '’ns or cnfv ter- 
FOCKMICF. WITH H0M1HAL 
MAN! l-IUATiUl/PAT LOAD . 
ACLT.l.M'ATlOIS BTD MOTICR: . 

3FI.FCT • 

•7 DATA DtSriAY F0PE3. 

. TV MCI! ITCH RI.FFAT3. 

C. OH TEN TATI OR OF DATA 

015ITATS. 

6 . HBI.FI'NrTIONS AIID flFSIACEt 
Ol'I.llATIRil lYJiitUTloNS. 

EVAI.UATF. 7-<D HI AC, I'M.' F: 
•TCRFV ' LTTiTiIOL TF EA.IIFU- 
U FOR M-iTII'H AND VF.II1CLK 
AITirUUK AND TIIHDST ■ 

fc. CN FV MINI H17.ATIOH OP (fflDVX 
FAT LOAD, ACCFU RATIONS. 

e. insnuE rATLOAD/'cHinru/ 
MANIPULATOR CONTACTS. 

6. VALID ITT OP PATIO AD 
CAPTURE PROCEDURES. 


PIS PI AT REQUIREMENT 


• ■ CHAIHIC DISPt.AT OF VMI1CU/ 
PAYIOAD RFIAT’VF MO f toll AND 
PoriTKN. luFiur-ENrArtoB i 
OF MANI rUIATOn/rAYICAD CON*' 
TACTS AND OF ACirKI.ri’ATICRS ■ 
imiahtf.-j ht the m-.nipu- 
IATORS. iktf.ohateh AL- 
rilArtOmillC DISPLAYS OF 
CRiU ITirmY lirlLlZBTH-N IB 
fatioad oaituhf., riRFOR- 

MAVrF COMPBRI.-O!* DIM'LAY. 

i 

b. REFEAT Or CIIF4 DIRECT AND 

tv vi -vs of hani rRt.ATon 

ARD FA Y !/).*, D. DISFIAY CF 
OUT PUTS OF rv CAM! PAS NOT 
BEIHG USF.O BY Till; CHEW, 

8. 'T'B wr irttr-rrn* ! 

of disfiay yrirs, and for 
THE S ELECT! Cii CE TV MOIII- ' 
TCR Vl'US, COHTi'OL-. FOR 
THE INTNODtlCTICH OF PAYLOAD 
CHARACTER I ST tU DATA AND FOR 
THE INTRODUCTION OF 5T5TO* . , 
MALFUNCTIONS. CCNTROLS » 
PER REORIENTINO THE QRA- 
PHIC Di SPLAT P 01 HT OP V 1 S». 


Table 6>.2v9-T 
continued, 
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\© 

vO 


4.0 

' OPERATIONS 
(DEFLOT) 


■<T: 


in-, v i " i.M. N:<yi ! i i< o j i Kp'ji m.x' ~ hts_ 
— - r,aTTicxtrvrr,i«-; — * i 


\ 

0,fl rtt'M K'-Hi ni[,vn*K a"h-a> 

9,1 unsTc"* HAum'iWos arks. 

a,2 TRANSLATE OTECT9BS TO TAT- 
LTAU RETENTION FITTING. 

3 engage payload retention 
fi mnas with effectors. 

q « bfi.fask pati/iao rnoM cargo 
BAT prr F.NTICW SYSTEM. 

9.5 TRANSLATE MAntrULATOR ARMS 

9 TO Him: rv.Lc.A0 pur* cargo 
FAY; HOMTCR I'AYUlAO MOTION 
TO AVOID CONTACT WITH CARGO 
EAT WALLS Aim FITT1 NOS. 

9.6 MOVE r AY 1/A 0 TO STATION 

AF.rriNG position outside 

CARGO PAY . AT A ll'WNAL 
I’OC 1 T 1 '.'I* FROM VniIGI.Es 
STARS LI PAYUSAO'VEltlCLE 
t'or.i ri'Nr.. 

9.T niSEJUSAOS FEVTcrons nioH 
PAT U! AD RET I. NT ION FI TT JUGS, 

q.8 STOW MAUI rUlATOR KM 3. 


i.rMtin RO_rw>ni r. is 


10.0 PAYLOAD 

OPERATIONS 
( IT-RFORW 
PAT WAD 
HPEUKfjrrs) 


10. 1 UR STOW RAN 1 TULA TOR A1W3. 

10.2 ENGAGE PAT WAD RETFrlTlON 
FITTINGS WITH HAHIPUfATOR 
EFFECTOR ( S ) . 

10.3 RELEASE PAY WAD RETENTION 
FITTIKOtS) FROM CARGO MT 
RETENTION SYSTEM. 


instructor function; 


P.U FEllCEVriOH OF APHFSTl'V lOE FITTING 
SPATIAL HF.LATIONS. 

0.1 ROB I TOR I NO OP 8T0WE3 P^JTWJI OP 
^ APH5 AND Of OBOSR A”!* ROTIOW. 

9.2 SEE B .7 . 

q.J SEE 8.T 

g.A ROT APPLICABLE. 

9.5 PERCEPTION OP SHALL TAfWAO ATTI- 
9 TSJDE AND VELOCITY LHAK-Jf-S; PERCEP- 
TION OF FINE SPATIAL l.IIATIONS 
AHOtll PAYLOAD ARP CARGO BAY 
COMPONENTS. 

0.6 PEBCEIVIRd SHALL PAYtOU) WEMICITIES 
IN RELATION id OWN voucl*. 


q.T SENSING SHALL THARSLAT IONS OP WT« 
9 f LOAD I M PARTED K tUNIPHATON 
CONTACT. 


2 — _i 




nrnPiAT RECUlREKEWTg, 


9.0 in 6.0 


9.8 SEE 8.8 


10. I SEE ?■» 

10.3 SEX 9.3, 9*3 

10.3 (OT APFUCABU 


O tU 0.0 


* l ,.'K\NmiLATOP'‘- TW)AD VIEW 
AS SEEK BY CKEW. 

fe. EEPFRIHFRT OtS PLAYS AS 
VIEWED FT CREW. 

e . payload orientation and 
. orientation rkhuibed w 

experiments. 


10.0. 9. REPEAT or CREW VISUAL 

scene, tv k»h tiers. 

HF.PF.AT OF CREW ERPER - • 

KENT DIC PLATS* MS PUT 
■ of rATf/AD tUGUjR,.D AND 
ACTUAL 0R1F.WTATICN. 

D.CCNTPOLS FOR Srt.T.CTlOR OP 
TV/VISUAL D15PWTS. 
CONTROLS FOR INTRODUC- 
TION OF TASK ©.EDITIONS 

AND SYSTEM MALFUNCTION*. 


L 


L 




Table 6.2J?~7 
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rr 1 1 vr [:',(« I . TASVS _ w 

ro.'i n-T n i i’A?Ml’iiiAT<n(!ii tt> 
cnn iiir- vi/jr.i> in c^r.iio hat 
fr;ll I Xt-'l-l' N OK M M. 0 1 MKN 1 


tn-l V V.i’AI. Ni'WItrUlml atvf'H:rn,NTO, 

— «>iticai; vr,:?AL i 


10.6 


V*. 


•1 


io. » 


10 5 FMI'lfiY KAI1 1 1 UIATOR AN*" TO i 10-5 

6TAmi.i/.r r.iinm.K/PATi/'AO 
orientation. 

10.6 mn/lT ATTITUOF, THRUST IN 
ruts To Oil l I'll T I’ATIOAU WITH 
HF'I'I-CT TO GIIOt'FD TRACK, 

Or.PlTAt. I' LANK. CELESTIAL 
SiHU-C. ETC., A3 Rl'OUlUKD 
for mppriw-hts. 

i io,T rwriot MANiruiATon afm and 

EnfCToR TO f.XF.CllTK pATUDAn 
F.KPPtlKIST rB"CKI)!'MF3. 

10. fl rrrviT hahi ri'i.ATTin arm:: to 
fl!T.K'»f PAT 1 OA H MPTrUflfiN . 

FI TT < 113" IN CARGO NAT nrTvW 
TH'N KH'IAGK 

ca poo m;iiNTi*:n system. 

I io.? ojnucACK prFKrrnn.ij rk- 
KTiV MAUI nitAT r, H ARM" . 


n.o 


TATI/IAO 
OFERAT IONS 
< STACK 
5TAT10M 
MODULE 
MFLOTWHT) 




II. l riiTAPt r.'-ll STATION KEEPING 
I’OSTTICN W1TI1 MACE STATIO^ 
or. i 111 ATT I TVIIE AND THRUST 
1 Ill'll TT . 

Ill, 8 UN STOW NANirUtATOn ARMS. 

III. 3 ENGAGE TATIPAD RETENTION 
F ITT I NTS WITH MAN1FI11AT0H 
EFFECTORS. 

11,* DISFNTAOB TAT I PAD FROM 

PAYLOAD RETENTION SYSTEM. 

III. 3 TRANSIATE PATIiMD OUTSIDE . 
CAHOO BAT | MONITOR PATI/JAD4 
BAT POSITIONS TO AVOID CON 
TACT WITH CARGO BAT MALLS, 
F1TTIN03. 


,/Vjf 


i.i \|i j? i rwnu.in 
'T?tC»:i-r|.'N OF FAtMiAO 01 r»;M4fn" 
IN CARGO DAT • 

perception or pati-oao motion in 

CARSO RAT . 

• 

PEPCKITION or PATIOAD ATTITUDE 
WITH RfOirCT TO FLIGHT f*T11 AND 
ATTITUDE OF SI1UTTI.F. VEHICLE. 



10. T PERCEPTION OF TINE SPATIAL RELA- 
TIONS. PIX4F.FN EFFECTORS * ,; 0 PAT- 
LOA0 COMM •NEWTS! TF.HOCPTI ON OF 
$KA 14, RATES OF EFFECfOR H"TK». 

10. fl PERCEPTION Or FINE ^nnl 

TIOTIS A'U NO EPFECTOnS, ARMS, CAR001 
pftT TFlINWinria ABO PftTW'D AKTFB- I 
Tinn FI FTIN'lSl l EROrTIC* OK DKAILJ 
CHANGES IN PATIXJAD ATTITUDE. 

10.9 SEE 8,8 


j jLitni '.awi, JVR'X^'IS — . 


SFU'CTl 

bV monitor mo rusr vr mode.. 

>. ORIENTATION OF PAIIDAD/ 
VEHICLE VIEW. 

(, DEGRADED OPERATING 
CONDITIONS. 

SVALDATE AND DIAGNOSE I 

b7~acht7Vtw irp of ccma* 

KENT CRITERIA. 

k. VALID ITT ON KBPEBWEHT 

PROCEDURES. 


11.1 SFjislNO SMALL FAT LOAD VELOCITIES 
AND ATTITUDE CHANGES. 


11.2 SEE 8.3 

11.3 SEE 8.5 


11. A NOT AP7UCASU 


11.5 8W 9-5 




;t 




* ■ t- 

i ••• • •■ . ' 


i .• 
. . ■+ 


11,0 HOWITCRt 

•mrATTAL RELATIONS AND 
RF.IJVTIVF NOTIONS AMONG 
• SPACE STATION, GHUnlJ. 
AND FATIjOAD. 

v. cmv ,ItV Of •- w ,’OLATOK 

EFFECTOR POSITIONS. 

e, MANIPVHATOR effector TV 
CAMERA VI IV. 

«. CREW V1FV1N0 MOPE SELEC- 
TED . 

BCWAFOLATIOnS or KANI- 
FUIATOR, FATLOAD AND 
SHUTTLE rOCITIOHG AND 
ATTITUDES RESULTING PROM 
CURRENT CREW INPUTS. 


11.0 


murine disitat of rriTiAL 

RFI/iTIONS AFOUG rAYWiAO, 

GiiurriE, sr-ACE station 
AND ri'JCl.INd IVIIT. nis- 
PLAY OF nUMKOTKD (K*TRA- 
POLATLDJ EFFECTS OF CREW 
lAPUTb W> 

VELOCITY OF I’AYiAIAO. DI8* 
pi AT OF C0NTACT3 AMONG 
EFFECTORS, PAYLOAD, CARGO 
BAT AMD SPACE ELATION. 


i.' j i- 
1 • ML 




^ fO 04 

<M CS 

CO ^3 

C P3 


IN 

<N 

CM 


Table 6 % 2 . 9 - i ? 
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00 
vO 
; i 

io 


r nrwjM _r: i a I .tap RR_ 


(PAT LOAD 

'ambouj 


Td i-;ti t. i in tr VI Ml rraofi .-ta 
Tif;i! i-iiati: iayi/'AR to 
ALf.'i tvri/’m wi-ni siac* 

etath-h n.’Kr. 

H.T STAMTJZB PATIflAP RELATIVE 
t<i r.rmr statI'iRs rtam- 
lit .r rimiTU mr.iTH-D m 
RH^Tii n To space PTArnjn 

AFP TATU'AO. 

11.8 TPANPTATR PATI/'AD INTO 

STATICR ri'RTi RM.KASE PAT- 
Lf!A0| HE-GTT.* MANIPULATOR 
APR.' • 

ITTSj iT7^F:rF“il"oiiHifSC 

CjNWCMIT TO HE AS'EHDLED. 


PivtB wi/4* 1 - 6 pwrrr : ok and 


SPACE ST ATI OH REIATIVE POSIT! OR 
AHli MOTION) IFRCtmCM Of SPACE 
67ATIO* D0C11K0 POUT CRIEHTATJO*. 

tl.T BE* ll.® J 


srACtti.fl see n.fi 




jj.j TRAI'.HATf PATINA D FR^M OAR 
BAT TO fi I AT I ON KEEP WITH 
ORDITAL PAY LOAD. 

llP.3 VCE MANIPULATOR ARMS, TT 
1 MO'Mm'lP, TO AI.lr.R TATICAn 
pAT ill '■ j.mi’PACI release 
one yninu/»T'"i a ah frph 
PAYI/ vn to Mi'.-rr.K mating 

5IIKIACK OR l HI I ATI 1 IRS. 

12 H fTADtMZR r«F. lyuruRMiT nr 
ch ;,v.:!!io component with onf 
EFFECTOR . 

il.A TRAH.TtFTF, secoi D ro«n iir.RT 
USING SKiTTHW KAilinilATOR 
ARM, WITHOUT IMPARTING F* 
CLSSlVE VELOCITY to EITHER 
CC.MI'0:lM«T; MAINTAIN MATIRO 
SUH PACE ORIENTATION UNTIL 
SURFACES ARK EROAQED. 

i?.6 DTSEROAQE AID 8T0* MANIPU- 
LATOR AMU. 


n<r. k •KiTiiun*! luxumrr 

' Cti‘*!C\t. vnuu. 

LVAliWUlft PROHLSKl 


' trfil 


IfTTTFHOFT'Ti oh ' oT'm.aiT'.o (To SfSF" 
ATT i vim: Aim vi:mcm charges. 


tc.biz.2 rincriTioM o* fire sta.tal fftA- 
Tj"Rs iivTvrr.i crutihq abd makjpv 

LATKO CCHt ('ll HITS. 

12. i SELTCTION Ann USE Of T7 CAMERAS 
AHn MONITORS FOR EtPLOUNR MAT 1 BO 
SURFACE ent ERTATI raCI:P WCEFTIOI 
OF SrATlAl RFLATIORS I.^TUEW KAT 
IRQ SURFACES. 


12. A ROT APrLlCABUI. 


'.2.5 PERCEPTION Of WIT3ITIM. 

SPATIAL RELATI0R3 AN » ATTITUDES Of 
COMFORERTS BUIQ RSflOULB). 


TWPTiuuTfr B f i mcr ions 


f, norrlilQ POHT^PATIiOAD 
On II I* TAT I OR . 

*. PATI/'MI^RUtl-DlATOR/ 

Crtl’OO OAT-'SPACI STATION 

cc:iTv:rs. 

select » 

»7 TV n AT MOOES. 

b. HATLCAO ClIAnAlTF.MRTlCai 
SPACE 5TAT10B CHARACTER- 
ISTICS. 

«. Tf CAMERA TIER. 

«, DISPLAY ORIERTATIOR. 

t. ROM IS AT. PERFORMANCE 

CHlTF.il 1 A DISITAt. 

f, OEOnAnCD 0PERAT1H0 CMI- 
DlTinnn. 

EVAIOATE AHP...P.t.A OWpSE l 

criv roiniirt or patwao 
ATTITHLF AHt? VF-MJCITT. 

b. enrv utii.tt.atior or 

MONITOR SYSTEMS. 

e. enrw ATiLirr to tp-rporm 
TASKS WITH MtHIMUM IRF.R- 
TtAL MOMEflta APPLIED TO 
CoMIUNI.iirS. 

I. VAL1D1TT Of PAYLOAD 
HANDLING PROCEDURES AID 
TPaiKIOUES. 


1: 


PIS pi / t i;j c'n iH 'UN rr, 
k, RF r»Ar ov r-<vw wi.RiAL 
Seme AND TV MUMITTIM. 

Ill i « ",T f’l ('Mil H TV 
CAMERA HURTS. 

. von .ef | rrTFOR 

' op nispiAT Mvcr-s, dis- 

P1AT OF Tt CAMERA INPUTS 
AND cr.NTnnLS FOR THY 
lDEATlf I CATION OF RORMAb 
AND DEO HADED 0PIAAT1BQ 
00IO1T1OR3. 


[12.0 US kt.o 


b.o ns u.o 


12.6 ns 8 .S 




’.V ■' 


b cn ^ 

all 

^ cn * 
<N 

H <5 « 


vV 
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vm 
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■n 





DiisriAt i | »uiM* , i-E l >«L ■ ■. ; v& 

ntr-riAt or vnn-’f£ ,. ' “ mi * 1 
Ticjr ok em/T". m 

5i ; mat t.f < " ,v J M,rr f- / 

B : . MAT cr »t.»htj*a;-.:i;/ 


coni’Aiunons. 


JF.rEAT OF CRE8 T!Stl*li 
SCENE, 


r -i 

>.»■ 




'•/ 4 ' 


C0WTH0U5 FOR OMirUNO 
01IR1 rr.L CTIMlACrKKl-jtl .S, 
rnoniWH mai. nine r.i >•?».. and 

gtf.TVM PKC.I'ADKU »KPK|. 

coimtow i‘-»n 

TION OF GRAPHIC DIoilAY 

MO TOR SEIXCTIOl* OF 
PERFORMANCE DAY* DISFLAt* 
MD PtRFOIlMAIICl COMrMu- 
soa DISPLAYS. V 


V 


i: '< 

'l 


CM 

* r-> 

CM 
. CM 

CM 


ro 


CO 

CM 




CO 


CM 

CM 

vD 

CO 
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a- 

1 

50 

s 
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V., f- - r t. 
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K R5 

a sa 
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Requirements. Two types of visual monitoring requirements were 
identified , one a repeat of the crew’s visual scene, the other, a 
graphic and alphanumeric representation of significant system performance 


parameters 


mc.nl Brcne Repeater. The repeat of the crew's visual 


scene is important in providing the instructor with a basis for estab 
lishing rapport with the crew's problems in abort, orbital operations, 
payload handling and ferry operations. It is also necessary to permit 
him to communicate with the crew on points of emphasis in visual p*.o 
cedures, which may escape the crew in their preoccupation with the 
tasks themselves. The instructor should have enough information in 
his display to be able to see the same spatial relationships and 
vehicle attitudes as observed by the crew in their visual scene. 

r.ranhic Display . The instructor's job is to facilitate 

learning through interpretation and guidance of crew performance. The 
graphic, display will facilitate these f motions by providing both raw 
and processed crew and system performance data having special signi- 
ficance for training. This display will have five basic capabilities: 

— -j — r ~ performance Criteria . This display will provide a 

graphic representation of the performance required of the system in 
each re Im/ant mission task amj maneuver, and of the criteria established 
for acceptable performance ground track, flight path, orb iter, altitude , 
attitude and other similar parameters will be displayed in graphic form, 
to minimize requirements for instructor interpretation of discrete data . 
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Some parameters, such as orbital velocity, closure 


rates and the proximity among effectors, cargo bay payload, space 
station, etc., will be displayed in a! phn- r.u:. eric (i.e., as discrete 
data) form. Depending on the crew task, it will hr necessary to dis- 
play some parameters both graphically and numerically, to support 
>-g of performance trends as well as diagnosis of specific 
sources of some trends. Current display systems will permit alpha- . 
numeric and graphic data to be displayed at the same time on the same 
display. This requirement was deleted for economy reasons. 

Crew Performance . The instructor can monitor some 
crew performance by observing the visual system repeater, but precise 
information will require the graphic and alphanumeric capability. 
Simultaneous display of ideal performance, the acceptable performance 
envelope and current performance will permit the instructor to id" '■/ 

trends and provide guidance on a timely basis. This requirement was 

deleted for economy reasons. 

Performance Comparison . In addition to displaying 

desired and actual performance at the same time, summary data repeating 
rho magnitude and direction of discrepancies will be displayed, to 
minimize the degree of ‘ interpretation required of the instructor in 
identifying performance trends and in providing guidance. This re- 
quirement was deleted for economy reasons. 

. ; 

Display Orientation . The graphic display will be able 
to be viewed from any angle, regardless of the orientation of the crew 

i ? 

to the task situation under consideration. This will permit the 
instructor, to view the effects of crew performance from a. point. of 
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view not available to the crew. The view of a docking exercise, for 

example, can be rotated so that it is seen at right angles to the crew's 

normal orientation. This will make closure rates and vehicle/target 

alignment more obvious to the instructor than would a simple repeat of 

the crew's visual scene. In addition, re-orientation of the graphic- 

display will provide the instructor with greater perspective concerning 

the quality of crew performance and of mission procedures as well. it- 

will also be possible for crew members to observe the repeated display 

to form a better understanding of the dynamics of many mission tasks. 
This requirement was deleted for economy reasons. 

Perfor m ance Extra point: ion . Almost all crew performance 

is characterized by an attempt on the part of the crew to predict the 
effects of inputs on the performance of the system. One aspect of the 
instructor's job is also to predict system performance so that he can 
help the crew to make appropriate responses. Ordinarily, both crew 
and instructor predictions are based on experience with the system and 
the operating environment; in fact, crew learning is largely a matter 
' of gaining experience with the system by generating, employing and 
evaluating responses to specific combinations of mission and task re- 
quirements and operating circumstances. : 1 ! ; ! * 


It is important in the Shuttle system to minimize 
trial and error learning where possible. In unpowered returns, and 
during ferry flights when engines are available for go-around, crew inpi 
have extreme, and under many circumstances, irreversible effects. The 
graphic display will display required system performance, current 


I > u. 
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performance and extrapolations of current performance to show the 

instructor the eventual effects of specific crew actions. This will 
be particularly important, in approach and landing, where decisions made 
at 50,000 ft. will determine the capabilities available and the kinds 

of decisions which must be made at 10,000 ft. and on final approach. 

If speed brakes are deployed too soon, for example, an extrapolation 

of the resuUie:;; flight path to the touchdown point will help the insert 
tor to guide the crew in selecting the correct point for speed brune 

deployment: on the next approach. 

Both displays of visual task data will, be pri 

marily by the flight crew and payload handling crew instructors. Roth 
should also be available to the crew members themselves, for reference 
during debriefing. They should also be available during pre-training 
briefings to facilitate crew preparation for training practice, through 
playback of prior training sessions or of | prepared idealized or repre- 
sentative performance. These requirements were deleted for economy 

reasons. " f "' >*' : " r r ‘ 
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6.2.9.15 Visual Graphics 

Visual Graphic masters are required due to the normal breakage 
occurred during the operational phase of the simulator. 
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6.2.10.1 Electrical Power System 

The simulation of the electrical power system of the shuttle vehicle 
is required to the level that all crew display and telemetered data responses are 
realistic for both value and time response to commands and switching loqic. The 
simulation requirements, as specified in Volume I, are based on the requirement 
that adequate in-depth crew training must be provided for study of normal operating 

life support systems and of malfunctioning system components. 

Sensor accuracy is normally only +_ 1% maximum over the ranae of the 
sensor. An accuracy of + 1% of the most sensitive sensor simulated was therefore 
chosen as the determining factor for system display accuracy for items such as 
voltage and current. 

Accuracy of simulation is not only based on the equations and method 
used in solving 'the equations, but also on supplied data. Data on electrical 
power loads normally has an accuracy of +_ 5% for large loads and + 1095 for small 
loads (Experience factor from Skylab, CMS, and LMS). Battery performance data has 
in the past not been available until post-flight, ^therefore all simulation 
equations are based on theoretical batteries. Fuel cell data has not been^ avail- 
... able because of the proprietary nature of the data. Supplied fuel cell thermo- 
dynamic data normally has an"- accuracy of +_ 20%. Again, theoretical data must be 
used. A past simulation technique used in EPS has been to simulate minor loads 
(1 to 2 watts) as one accumulative load under control of the instructor. These 
loads remain as gross estimates with accuracies of +10%. All of the above 
factors contribute to errors which become apparent normally only after a simulation 
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rUn 0f ei ' 9ht hours continuous. Over shorter periods, these errors are not 
monitorable or detectable by crew or telemetry. Items simulated which are in 
this category of errors are battery watt-hour indicators and fuel cell temperature. 

An arbitrary accuracy of + 10% of the real world range measurement over an eight- 
hour period was selected. 

The simulation meter and display response is based on having non-detectable 
meter motion after two seconds of computations. At five iterations ner second, 
tins will allow ten cycles of commits tions for the simulated system to "settle" to 
the + 1% error. Since meter movements normally have 2% hysterisis, the meter 
needle should remain motionless until an input parameter or load transient occurs. 

The display and control converters normally are 5 watt to 10 
watt units. To account for all the loads and provide realistic transi, 
loads would require approximately 20,000 additional instructions at 
live per second or 100,000 instructions per second. j rt action - 
ioads here are normally in the range of 5-50 milliwatts. The EPS simu- 
lation neglects individual simulation of electrical loads below 3.0 wat 
and lumps these loads into oc; constant load. 

To account for transient loads by software where the load pulls 
down the light lie; level would require extensive digitally controlled 
electronic devices. If.it is felt that this is significant, the elec- 
trical loads of the lighting or converter circuits could be actually 
Placed on a current limited device to simulate real world conditions. 

This would be expensive but can be done without software loading S ir:;u- ! 
lation. j 


i * 
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6.2.10,2 Mechanical Power System 

. The simulation of the mechanical pov.'er system of the shuttle vehicle 
is required to the level that all crew display and telemetered data responses 
are realistic for both value and time response to commands and switch! na logic. 
The simulation requirements, as specified in Volume I, are based on the 
requirement that adequate in-depth crew training must he provided for study 
of normal operating life support systems and of ^functioning system components 
Sensor accuracy is normally only +1S maximum over the range of the 
sensor. An accuracy of +15S of the most sensitive sensor simulated was 
therefore chosen as the determining factor for system display accuracy for 
items such as speed, temperature, and pressure. 

The .simulation meter and display response is based on having 
non-detectabl e meter motion after two seconds of computations. At five 
iterations per second, this will allow ten cycles of computations for the 
simulated system to "settle" to the +H error. Since meter movements 

f 

normally have 2 % hysterisis, the meter needle should remain motionless 
until an input parameter or load transient occurs. • v ! '■ ^ 

6.2.10.2.1 Auxiliary Power Unit 1 

The accuracy of simulation of the auxiliary power unit' over long 
simulation runs is based on having good experimental performance data made 
available. With test data made available the simulation of such items as 
fuel quantity remaining should be able to be held to ± 2 % over an eight . 
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hour simulation run. Without pood data, the simulation fidelity will 
probably be +10% - based on theoretical performance. The selection of the 
+_ 2 % value was an arbitrary selection based on exnerience from CMS and LMS 

simulators. 

6.2.10.2.2 Hydraul i c Power Uni t 

The accuracy of the simulation of the hydraulic system is based on 
the fact that the system does not have consumables. For that reason, the 
hydraulic system accuracy was arbitrarily selected as +2%. A higher 
accuracy than this is not warranted. Neither the crew displays or telemetry 
data is monitored with performance tolerances in this range. 

The largest error in this system will probably be in calculation 
of heat transfer. The theoretical coefficients for the transfer equations 
are normally +5% in accuracy. Temperatures of the hydraulic fluid are 
most seriously affected by these errors. If test data is available, the 
temperature should be able to be controlled within +2%. This rationale 

i 

is based on previous CMS, SLS and LMS simulations. 

t 

- * •• e 
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6 . 2 . 10.3 Main Propulsion System ! 

The simulation of the main propulsion system of the shuttle vehicle 

is required to the level that all crew display and telemetered data responses 
are realistic for both value and time response to commands and switching logic. 

The simulation requirements, specified in Volume I, are based on the requirement 
that adequate in-depth crew training must be provided for crew safety procedures 

for both normal flight and malfunction abort situations. 

Sensor accuracy is normally only + 1% maximum over the range of the sensor. 

An accuracy of + \% of the most sensitive sensor simulated was therefore chosen 
as the determining factor for system display accuracy for items such as pump 
speed, temperatures, or pressures. 

The simulation meter and display response rate requirement is based on 
having non-dete.ctable meter motion within one second after a system chanoe. At ten 
iterations per second, ten cycles of computation will allow the simulated system 
to "settle" to the + 1% error. 

Thrust computations and mass calculations are essentially based on the 

I 

allowable error in thrust cutoff time. Previous simulations have had a maximum 

' allowable difference of +0.5 seconds as compared to the reference trajectory 
- data. At cutoff, the body acceleration is approximately 97 ft/sec2. with the 

: maximum cutoff time error of 0.5 seconds, a velocity error of 48 fps can be 

; accumulated. Of the 48 fps, approximately 50% could result from aerodynamic 

■ • model simulation errors. This allows a maximum propulsion error simulation of 
u- 24 fps. ' Up to staging the average vehicle mass is approximately 100,000 slugs. 

A 1000 lb. thrust error up to this point of trajectory would only amount to 1 fps 
error. However, following the second phase of boost, the average vehicle mass is 
i ■ approximately 30,000 slugs. With a 1000 lb. thrust error, the trajectory velocity 

■ would be in error approximately + 15 fps at the end of a 440 second burn. This f 
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6.2.10.4 Reaction Control System 

The simulation of the reaction control system of the shuttle vehicle 
is required to the level that all crew display and telemetered data responses 
are realistic for both value and time response to commands and switching logic. 
The simulation requirements, specified in Volume I, are based on the requirement 
that adequate in-depth crew training must be provided for crew safety procedures 
for both normal flight and malfunction abort situations.' 

Sensor accuracy is normally only + maximum over the range of the sensor. 
An accuracy of +_ 1% of the most sensitive sensor simulated was therefore chosen 
as the determining factor for system display accuracy for items such as engine 
thrust, temperatures , or pressures. 

The simulation meter and display response rate requirement is based on 
having non-detectabl e meter motion within one second after computation. At ten 
iterations per second, ten cycles of computation will allow the simulated system 
to "settle" to the + error. 

Thrust computations and mass calculations are essentially based on the 

allowable error in thrust at cutoff time. In manual attitude or translational 

»■» 

; control mode, the human in the loop cannot distinguish between burn periods to 

■ i i ' 

• an accuracy greater than 0.1 second. Since, the thrust of an RCS jet .is approxi- 
mately 1000 lbs., the total specific impulse allowing a +0.1 second deviation 
as the result of manual control error would be less than 100 lb seconds. In an 
automatic or computer controlled mode, the cutoff time is accurate to + 0.001 

seconds. The maximum allowable simulation error then becomes 1 lb-sec under the 

* . 

auto controlled conditions. : : • 

' j » ; _ * * : _• .1... >. 

* 

i ! i ' ! s » \ i i i 1 ; ' * i : * I : I 
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6.2.10.3 Orbital Maneuvering System 

The simulation of the orbital maneuvering system of the shuttle vehicle 

is required to the level that all crew display and telemetered data responses 
are realistic for both value and time response to commands and switching logic. 
The simulation requirements, specified in Volume I, are based on the requirement 
that adequate in-deoth crew training must be provided for crew safety procedures 
for both normal flight and malfunction abort situations. 

Sensor accuracy is normally only + 1% maximum over the range of the sensor. 
An accuracy of + 1% of the most sensitive sensor simulated was therefore chosen 
as the determining factor for system display accuracy for items such as Dump 
speed, temperatures, or pressures. 

The simulation meter and display response rate requirement is based on 
having non-detectabl e meter motion within one second after computation. At ten 
iterations per second, ten cycles of computation will allow the simulated system 
to "settle’' to the + 1% error. 

Thrust computations and mass calculations are essentially based on the 
allowable error in thrust cutoff time. Equation of motion requirements have a 
maximum allowable difference 'of + 2.0 second as compared to reference trajectory 
'■‘data.’ During deorbit burns, a maximum burn time of 20 minutes is possible for 
: one engine out in high orbit. This burntime requirement dictates a maximum 
allowable error of + 0.2% or + 20 lb. thrust (or 40 lb-seconds total specific 
impulse) and a mass accuracy of +0.2%. 
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6.2.10.6 Air Breathing Engine System 

The simulation of the Air Breathing Engine System of the shuttle vehicle 
is required to the level that all crew display and telemetered data responses are 
realistic for both value and time response to commands and switching logic. The 
simulation requirements, specified in Volume I, are based on the requirement that 
adequate in-depth crew training must be provided for crew safety procedures for 
both normal flight and malfunction abort situations. 

Sensor accuracy is normally only +_ 1% maximum over the range of the sensor. 
An accuracy of + 1% of the most sensitive sensor simulated was therefore chosen as 
the determining factor for system display accuracy for items such as pump speed, 
temperatures, or pressures. 

The simulation meter and display response rate requirement is based on 
having non-detectable meter motion within one second after computation. At ten 
iterations per second, ten cycles of computation should allow the simulated system 
time to "settle" to the + 1% stability error. 

! 

The system calculation accuracy requirements are essentially based on the 
assumption that the data made available on the F401-PW-400 Pratt & Whitney engine 
and on the fuel supply system will not be known to an accuracy ** » 

; ‘ , t 

greater than +4%. It is desirable that the engine thrust and fuel weight have 

i 

greater than this accuracy, therefore for these two items an accuracy -requirement 
of + 21 was called out. All simulation accuracy for this system will be based 

on data to be made available. 
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6.2.10.7 Solid Rocket Mot or 

Tho simulation of the Solid Rocket Motors of the shuttle vehicle is required 
to the level that all crew display and telemetered data responses are realistic 
for both value and time response to commands and switching logic. The simulation 
\ equi rements , specified in Volume I, are based on the requirement that adequate 
in-depth crew traimno must be provided for crew safety procedures for both normal 
flight and malfunction abort situations. 

Sensor accuracy is normally only + 1% maximum over the range of the sensor. 
An accuracy of 1% of the most sensitive sensor simulated was therefore chosen as 
the determining factor for system display accuracy for items such as pump sneed, 
temperatures, or pressures. 

The simulation meter and display response rate requi rement 'is based on 
having non- detectable meter motion within one second after computation. At ten 
iterations per second, ten cycles of computation should allow the simulated system 
time to "settle" to the + 1% stability error. 

The system calculation accuracy requirements-' are essentially based on the 
assumption that the data to be made available on thg solid rocket engines will not 
be known to an accuracy greater than + 2%. It is required that the 

engine thrust and fuel weight data for the engines have greater than this 
accuracy; therefore, for thes&two items an accuracy requirement of +.0.05% was 
called out. All simulation accuracy for this system will be based on data to be 
made available. ‘ 1 1 1 
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6.2.10.8 External Tank 

The simulation of the External Tank Separation system of 
the shuttle vehicle is required to the level that all crew display 
and telemetered data responses are realistic for both value and 
time response to commands and switching logic. The simulation 
requirements, specified in Volume I, are based on the requirement 
that adequate in-depth crew training must be provided for crew 
safety procedures for both normal flight and malfunction abort 
situations. 

Effects of the sloshing of the fuel mass is an unknown factor 
with respect to vehicle guidance and control dynamics which is de- 
tectable by the crew, Until additional data is made available, 
it is assumed that the G&N nulls all sloshing so that the effects 
are not noticeable. 

The range safety ordinance equipment is not required for 
simulation since it does not provide crew training. 

. i : .All other equipment located in the external tank is simulated 


i ! ■ l * ' f> 

within either the Main Propulsion System or the Solid Rocket Motor 
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6.2.10.9 Guidance, Navigation and Control 
6.2.10.9,1 Aerodynamic Flight Control 

It appears from most recent design data that a digital ASAS will be 
used, and be incorporated into the on-board computers. Thus, only the aero- 
surface actuators and the air data system remain to be simulated apart from 
on-board computers. If additional portions of the aerodynamic control system 
are removed from the on-board computers, this will require a specification 
change. Aerosurface positions are required for aerodynamic control and dynamics 
simulation, and hydraulic flows for hydraulic simulation. Insufficient data 
is available at this time to establish the exact degree of simulation required 
of the actuator servos in either nominal or hydraulic failure cases. General 
standards for determ ing these are known, however, and are specified. It may be 
that time constants are sufficiently small and actuator torque capability 
(nominal and malfunctioned) vs. anticipated hinge moments are such that dynamic 
simulation of the actuation system is not required for accurate surface or 
control system response. Real world hydraulic pressure monitors may be used 
to disengage failed channels, and should in that case be simulated. Effects 
r r~ 0 f malfunctions upon response characteristics must be simulated if significant. 
Simulation of load-limiting bungees, etc., may be necessary for proper response, 
but this is not now known.- Air data readouts must be consistent with data 
used in simulated vehicle aero, except for any nominal sensor dispersions. 

Unless proper precautions are taken, severe transients may occur in the simulated 
system upon passing from reset to operate. Insofar as these transients have no 

i I 

T real- world analog, they should not be present. Of course, if a gust hits an 
aircraft immediately upon transferring to Operate, that transient should be 
• simulated. Only transients arising from numerical problems in the simula- 
tion should be forbidden. 
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6.2.10.9.2 Spacecraft Flight Control 

The MPS and QMS Thrust Vector Control systems must be simulated for 

proper rotational dynamics during periods of thrusting. For. proper simulated 

response end control authority, position and rate limits must be properly 

simulated. Response accuracy requirements are driven by both open and closed 

loop requirements. Not only must the simulated gimbals respond to commands in 

the proper fashion, but the full closed-loop dynamics-control loop must also 

respond reasonably. The two requirements are not synonymous, so both must be 

specified. Design of MPS TVC system should not preclude simulation of bending/ 

sloshing modes, providing that iteration rate penalties are not excessive. 

The highest frequency dynamic mode currently advertised is 3.25 HZ. Frequencies 

up to about 1/4 the sampling frequency can ordinarily be handled reasonably well 

using sampled data methods. Thus, simulation fidelity up to 4 HZ should be 

achievable at 20/sec iteration rate, and will probably be adequate to represent 

dynamic modes. A 4 HZ limit should also cover most readily perceptible 

oscillations. More precise tolerances may be placed on TVC response when design 

data becomes available. Simulation of all sensors (star tracker, horizon sensor, 

rate gyros, body accelerometers) is required for realistic control loop simula- 

* o 

tion. It appears that pickoffs from the star tracker will be azimuth and 
elevation angles with respect to body-fixed boresight. If this is changed, the 
specification should be altered accordingly. Field-of-view for wide scan, fine 
scan, ..tracking, and other star tracker modes must be correct for proper simula- 
tion. The same is true for horizon sensor f ield-of-view. Star tracker and 

horizon sensor errors should be comparable to real-world errors for proper 

* 

operation of the on-board computer navigational filters. Provision should also 
be made for instructor control of dispersions. This has been a useful tool in 
prior simulators. Quantization errors, being essentially determined by the 
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input data, should always be simulated unless their magnitude is insignificant. 

At present, inadequate information is available to judge their significance. 

Accurate simulation of star tracker search speed (if slow enough to be noticeable) 

and detectable visual magnitude threshold is needed for accurate response 

characteristics. The simulated horizon sensor's sun detection capability and 

response must compare to that of the real world device to prevent seriously 

erroneous response on that occasion. Rate sensors and accelerometer: rust be 

simulated for control loop feedback. Accuracy limits are looser here, since 

these devices should not affect on-board navigation. Error large enough to be 

noticeable will probably require malfunction rather than dispersion, so instructor 

control of dispersions is not specified. Quantization error will probably be 

insignificant for these devices, but might not be. The avionics bay may be 50 

feet from vehicle c.m., so. transverse and centrifugal forces on accelerometers 

displaced from the vehicle c.m. could be significant. Exact accelerometer 

positions are not known, but the avionics bay appears to be a likely location. 

Precise estimates of transverse/certrifugal force significance also await firm 

definition of the appropriate control loops. Significance of those effects 

was marginal on the Saturn IB, but the shuttle is a much less symmetrical vehicle, 

; and may well have more serious aerodynamic effects as well as a less responsive 

control system, resulting in higher angular rates and accelerations. This would 

increase the magnitude of these disturbing forces. . NAR data on the proposal 

configuration indicates rates of 10 ^2. and, angular accelerations of 5 ^§2 

sec sec ^ 

are possible under certain wind conditions, which greatly exceed Saturn values 
previously simulated. If body bending simulation is required, the requirement 

that rate sensors reflect rates at their physical position rather than rates at 
the c.m. should be added. 
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6 . 2 . L 0 . 9 . 3 Inertial Measurement Unit 

The on-board lull's must be simulated in order to provide the on- 
board computers (and cn-board displays) with vehicle attitude and current 
accumulated velocity from body accelerations (i.e.> non-gravi tational accelera- 
tions - thrusting, aero effects, etc.)* As I MU realignment is one of the mote 
important cn-board navigational tasks, it should be simulated, requiring the 
simulated IMU's to possess the same realignment capability as the actual devices. 
The same operating modes and self-test are required for realistic crew interface. 
Correct Electrical Power System simulation and training requires the I MU inter- j 

face be simulated properly. IMU's ordinarily require a warm-up period following 
restoration of power before becoming operational . Temperature variations 
ordinarily influence IMU accuracy significantly, and should be simulated. As 
a result, special temperature control systems are usually present. If this is 
the case for shuttle, both temperature effects and temperature control (which 
should interface significantly with Electrical Power and Environmental Control 
systems) should be simulated. The shuttle IMU will be all-attitude, so no 
gimbal lock condition exists. Since real-world IMU's reflect vehicle dynamics 
(plus dispersions), the simulated devices should reflect simulated dynamics 
(namely, the equations of motion), plus dispersions. To avoid unrealistic 

- ' navigational errors, the simulated IMU's, in nominal operation should follow the 

equations of motion with no more than real-world magnitudes of dispersion. For 
proper simulation of on-board navigational activities, however, the IMU's should 
not be perfect; i.e., they should reflect dispersions in attitude (and sensed 
linear acceleration) similar to those of the actual devices and require periodic 
real ighment. Instructor capability to vary dispersions (drift, bias, etc.) has 
proven useful in the past for training in off-nominal conditions. Quantization 
error will quite possibly be significant, especially in accelerometer. readouts. 


F .398 


date 

12/22/72 

THE SINGER COMPANY 

page 

NO 

REV, 

A 3/2 
B 6/2 1/73 | 

SIMULATION PRODUCTS DIVISION 

6-93 

BINGHAMTON, NEW YORK 

REP. 

NO. 


In the , :I function list, a 4-gipballed IflU is sometimes assumed. No final 
decision iras currently been made between gimballed and straodown fiili's for the 
shuttle, but gimballed devices are baselined. The malfunction list should be 
revised and possibly the specification made more specific if a straodown device 
is selected. If "local horizontal hold" type attitude extrapolation is used 
or selected for "step ahead" mode, the Ifni's must reflect resulting changes in 
inertial attitude upon returning to normal operation followino the step ahead. 

Otherwise, the simulation is not returned to normal operation in a fully 
operable condition. 
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6.2.10.10 Communication and Tracking 
6.2.10.L0.L Navigation and Landing. Aids 

The simulated NAVAIDS correspond to the equivalent on-board and 
ground based equipment to be used for the shuttle with the exception of GCA 
Radar and the Microwave Landing System. No requirement has been stated for 
GCA radar, however, ground landing stations are generally so equipped and 
simulation should be included for the instruction displays. An auto land system 
has been proposed for the orbiter, however, the methods have not been detailed. 
It is assumed that a system similar to the Microwave Landing System will be 
required and is therefore included in the simulation requirements. 


* 
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6.2.10.10.1.1 S-Dand System 

Simulation of the S-Banc! voice and data communication, link is 
required to provide IOS crew communi cation and crew displays and telemetered 
data responses that are realistic for both value and time response to commands 
and switching logic. The requirements describe a simulation system that will 
provide adequate in depth crew training for crew safety procedures during both 
normal and malfunction flight situations. 

Simulation of the carrier and sub-carrier frequencies is not requir 
because the crew does not change frequencies on the S-Band transmitters and re- 
ceivers during flight. 

The telemetry data is transmitted continuous during integrated 
modes of training to provide total data to the GSSC system. The loss-of-signal 
boolean completes the simulation where required for other simulators. 

A dedicated S-Band voice loop is required for total vehicle simula- 
tion. A direct line provide a means of communication for checkout of simulator 
operations during training when the simulation is not in contact with a ground 

r 

station. 

f 

6.2.10.10.1.2 VHF System ' - * p 

Simulation of .the VHF voice communications link is required to 

provide IOS crew communication and crew display responses that are realistic 
for both value and time response to commands and switching logic. The require- 
ments describe a simulation system that will provide adequate in depth crew 
training for crew safety procedures during both normal and malfunction flight 
situations. 

Simulation of the carrier frequencies Is required because the 
crew does change frequencies on the VHF transmitters and receivers during 
flight. 
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During non-integrated and possibly some integrated modes of 

training the IOS must provide the voice responses the crew would expect from 
a ground station. 

6.2.10.10,1.3 Audio Communication Center 

The Audio Communication Center must be simulated to provide the 
input/output logic to the communication systems of interim UMF, VHP. s-Band, 
and to the navigation system audio devices. All logic of the system must be 

provided for crew training with overall communication responses that are realistic 
for both value and response rate. 
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6.2.10.11 Ins t rumen tat i on S ystem 

The simulation of the Instrumentation System of the shuttle vehicle 
is required to the level that all crew display and telemetered data responses 
are realistic for both value and time response to commands and switching logic. 
The simulation requirements, specified in Volume I, are based on the requirement 
that adequate in-depth crew training must be provided for crew procedures 
for both normal flight and malfunction situations. 

The simulation display response rate requirement is based on having 
non-detectable response delays following switching or command inputs. Tv/o 
iterations per second is as slow as an electrical system can be run without 
having this noticeable delay. ! 

All recorder functions are assumed to be furnished by GSSC. Switch 
position and/or relay status are to be transferred to GSSC for control of 
recorders. . . 

Each simulated system is to include signal conditioning booleans prior 
to display or transfer to telemetry where applicable. 

Under the present simulation concept all GSE PCM data used for preflight 
checkout are to be handled as an IOS function. If the GSE provides computation 
of parameters for compliance to tolerance limits during preflight checkout, 

, ..it may be required to establish, a special software routine for the instructor 
display parameters. Malfunctions in the GSE PCM Link are required only where 
crew training shall result. 

All sensor power provided by the Caution and Warning System has the 
same characteristics as instrumentation signal conditioning. Interface defini- 
tion of whether parameters are to be tested by the Caution and Warning program 
or by the generating software programs is a conceptual design task. 
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6.2.10.12, Environmental Control /Life Support System 

. The simulation of the ECS system of the shuttle vehicle is required to 
the level that all crew display and telemetered data responses are realistic for 
both value and time response to commands and switching logic. Inc- simulation 
requirements, specified in Volume I, are based on the requirement that adequate 
in-depth crew training must be provided for crew safety procedures for both 

normal flight and malfunction situations. 

Sensor accuracy is normally only + maximum over the range of the 
sensor. An accuracy of + 1% of the most sensitive sensor simulated was therefore, 
chosen as the determining factor for system display accuracy for items such as 

flow rate, temperatures, or pressures. 

The simulation meter and display response rate requirement is based on 
having non-detectable meter motion within one second after compctatio - 

At five iterations per second, ten cycles of computation will allow 
the simulated system to "settle” to the + 1% error. 

The minimum response rate of this system is based on having accurate 
simulation of gas/liquid flows immediately following a transient or valve opening. 
Five iterations per second will also provide this response rate required. 

Simulation of parameters is required only to the extent that crew display 
or ground T/M can display the system. During re-entry it is felt the interfaces 
: between ECS and TCS and TPS will require response to rapidly changing heat rates. 

It is not felt that an active cabin wall temperature cue is required for training. 

Because of the nature of the training conducted, that is for shirt-sleev 
environment, it is not necessary to dondition the crew station atmosphere or 
provide EVA/ IV A to the simulated environment. Instruments are satisfactory for 
this training requirement. The interior of the crew station shall be 
r.ai rU.ined at a comfortable level by air conditioning. 
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The long term simulation error is given as +_ 10% because of the many 
assumptions and simplifications of heat transfer and balance equations. The 
data provided of the shuttle heat transfer coefficients will probably have 5% 
error. Lack of data will require assumptions to be made where data is necessary. 
Efficiencies of heat exchangers, pumps, and heaters will be at best within 5% 
of the final design. Test results will also be available either after design of 
the simulation or not be made available until the maintenance phase of simulate!' 
operation. These many unknowns are typical of previous space vehicles, and, it is 
felt, will be typical for the shuttle. 


’ ; i 

'il‘ 



~ r: ; * ; i i 

l ‘ f ! 

i 

1 

i 

i 

i : 

! | 

i 1 ■ l l j 

> i ) 

> i i 


■ 

1 1 ' 


i 

; i 

! ! 

!. i * 1 ; 

1 i t- — r 




1 < i 


i i 




DATE 12/22/72 

! THE SINGER COMPANY 

SIMULATION PRODUCTS DIVISION 

PAGE NO^. ^ 0Q 

REV A 3/23/73 
,'-B 6/227-21— 

BINGHAMTON. NEW YORK 

REP. NO. 


6.2.10.13 Payload Accommodation System 

No requirement is specified for payload recorder simulation. Specialized 
payload recorders may not be present on all missions. If present, there is no 
apparent provision for on-board reduction of payload records* - data. Recorder 
data can be decoded later on the ground, or perhaps recordings may be mounted 
and transmitted to ground via the orbiter communication system. Thus, there is 
no crew training value in recorder simulation. During integrated runs, in the 
apparently unlikely event that payload recordings are played back to the ground, 
the GSSC complex should be able to handle this task, as specified in paragraph 
6 . 2 . 5 . 8 . 






6.2.10.13.1 Interfaces 

The simulation of the interface betv/een the payload and the shuttle 
vehicle is required to the level that all orbiter crew display and telemetered 
data responses are realistic for both value and time response to commands and 
switching logic. The simulation requirements, specified in Volume I, are based 
on the requirement that adequate in-depth crew training must be provided for 
crew safety procedures for both normal flight and malfunction situations. 


> 
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6.2.10.13.2 Payload Struc tu ral A ttach ment 

Payload attachment/rel ease is a significant evert in the retrieval/ 
deployment process, and should be simulated. Attachment fittings should have 
similar contact rate constraints to the real world system to avoid negative training 


Upon release, EOM for the payload must be initialized dynamically, as initial 


value is determined by orbiter translational/rotational state and attach position. 
Since payload mass may be up to 2/5 orbiter mass, reactions of all forces exerted unon 


the payload should be simulated. The trunnion guides may have significant effect on 
relative state, which should be simulated by maintaining both vehicle states 
correctly. 



As the primary device .used by the crew for payload deployment and 



retrieval, the manipulator arm must be simulated. Angular position and velocity 
of joints should be maintained to incorporate joint position/velocity limits, for 
display purposes, and for checkout and discrepancy tracing purposes. In order to 
simulate properly control characteristics and decal bands, dynamics accuracy must 
be well within control accuracy. A tolerance of 1/3 control accuracy should assure 
minimum distortion of deadbands and responses. The tachometers and potentiometers 

f t 

-will apparently be used in the real world system in the control loop, for crew 
■displays, and as sensors. Accurate control' response requires motor and servo loop 
simulation. To train positively in manipulator operation, control response must 
be accurate to within operator perception, with any payload within design tolerance. 
EPS failures or overloads should effect the simulated -manipulator in the expected 
way, and the manipulator drive EPS realistically in order to properly simulate EPS. 
It is not clear what physical or electrical limits will be incorporated into the 
real -world manipulator system at this time, but all sources appear to agree that 
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one or more of these joint limits will be present: position limits, torque limits, 

velocity limits, and/or runaway actuator limits: Details of maninulator design do 

not appear fixed at this time, and the remaining specifications may require altera- 
tion at a later date for this reason. The current specifications are based on 
several designs, and are not inconsistent with any specific data on known designs. 
However, certain designs are not well documented, and if adopted may not require all 
the specifications for their simulation. Redundant torque motors must he simulated, 
if present, for proper malfunction recovery. Braking and checkout systems will 
presumably be present on any design. Some designs use the checkout system as a 
backup direct arm control mode, which must be simulated if present. The terminal 
device must be simulated to provide training in arm operation. One kind of terminal 
device, one which "grasps" payloads, is generally agreed upon by all sources as 
present or available on the manipulator. In payload deployment/retrieval missions, 
it (or something quite similar) is going to be necessary. Some system descriptions 
provide alternate terminal devices, which are rarely well defined as to configurati oi 
or utilization. Thus, it is hard to determine trainina requirements for them. At 
. this point, it appears that the best procedure is to require the simulation of a 
grasping type device, and require modularity for ease of modification. Revision 
may be advisable as manipulator desi an becomes better_defined_._ The contact and 
• berthing indicators are specified in some designs, and must be simulated if present. 
Wrist TV orientation must be provided to the visual system. 

6.2.10,13.4 Payload Doors : 1 ! ' ! ' ! ’ ' ! ’ 1 1 

- The position of the payload doors effects the feasibility and execution 

of payload deployment/retrieval and the operation of the space radiators. The 

proposed door design is segmental ly operable, requiring the simulated doors to be 
so operable. Door latchina must be simulated analogously to real world ooeration 
' to prevent negative training. Hinge operation must be simulated faithfully to 
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achieve reasonable door dynamics. Mass properties, motion rates, etc., of the 
payload doors/space radiators are not. now known. It is difficult to tell what 
noticeable effects reaction torques, etc., will have uoon vehicle dynamics during 
door motion. Some crude simulation is probably required, and a general specifi- 
cation for same is included. To require that angular momentum be conserved 
(assuming no RCS firings, etc.) in the dynamic system may be unnecessarily strinnent 
for training purposes, for it is not clear that such accuracy is required to provide 
training cues. The doors will be used, in the proposed design, to deploy the space 
radiators, requiring the structural interface be simulated. The manipulator will 
be latched to the doors, during boost and entry requiring that structural interface 
be simulated to train in manipulator deployment/stowage. 

6.2.10.13.5 Rendezvous and Docking Sensor 

The phase C/D RFP specifies this piece of equipment. 
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6.2.10.13.6 Aft Crew St a tions 
Since the interface between the payload accommodation system and the 

crew controls/displays has an obviously significant effect on crew activity and 
payload accommodation system operation, it must be simulated. For realistic 
training simulation, each crew control and display should be operable and should 
exhibit reasonable response characteristics. Crew training also requires mal- 
function capability. 

6.2.10.13.7 Payload Bay Lighti ng 
Lighting of the payload bay will have significant effect upon crew 

capability to perform payload manipulation, visual monitoring, and other signifi- 
cant payload bay related activity. For realistic training, the lighting should 
reflect off-nominal conditions in the electrical power system. ^ For realistic 
simulation of the electrical power system, power loads due to the floodlights 
need to be simulated. Floodlights attached to the manipulator arm wrist-to-hand 
beam are movable and may have orientation changed along with said beam. This will 
significantly affect illumination around the manipulator terminal device, and must 
be simulated. Other floodlights may not be fixed in orientation. If so, for 

i 

'proper training, the simulated lights must be moveable. It may be possible to re- 
orient other floodlights, and perhaps even optionally automatically track the 

terminal device with certain floodlights. If this capability is provided, it 

should be simulated for realistic training. 

6.2.10.13.8 Payloads ! ! : 1 . 1 ! 1 1 1 . 


4 - -4 




Because of the substantial changes in the nature and characteristics 

of payloads between shuttle missions, payload simulation is one of the most diffi- 
cult and dangerous areas to specify. Creation of a full fledged highly accurate 
simulation for each payload would probably be astronomically expensive. It would 
also probably be unnecessary. Training requirements are not crystal clear at 
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this point, but it would appear that for most payloads, there would be H mUcd 
training value in a full-up simulation of, for example, the payload electrical 
power system. For a few payloads, like perhaps the space tug, there might be 
training value to justify at least a moderately detailed electrical power simula- 
tion. Much the same thing can be said about many other payload on-board systems. 
Writing a new on-board system simulation for each payload, and maintaining sere 
for recurrent payloads, would probably absorb exorbitant engineering, programming, 

a ' ,d Cll0Ck0Ut tin ' e - H0WeVer > since ccrt ain payload on-board systems interface with 
orbiter systems when attached, and with payload dynamics when not attached, and 

since certain permanent display panels, (e.g., caution and warning) may be devoted 
to payloads, training value of payload simulation will probably not be insignifi- 
cant. If a generalized simulation of all or certain on-board systems could be 
written which could drive certain displays, dynamics, and/or orbiter systems 

i 0 . n ,y , and such that payload reconfiguration would involve only altering 
values of reset terms, it would be desirable. Cost would not then.be inordinate, 
and additional training capability would be gained. It is difficult to evaluate 
the extent to which v ould be worthwhile at this .point. Characteristics of many 
of the individual payloads are unknown, orbiter systems are often not altogether 
well defined, and payload-related displays are ill-defined. Apparently, however, 
certain payload-related displays will be on permanent panels, which increases the 
likely applicability of generalized simulation. Generalized simulation would have 
to concentrate on driving these panels. If particular-payload-unique display: 
panels were to be driven, that would almost certainly require a special modifica- 
tion. As a result, we have specified that computer core and time must be avail- 
able to add generalized or specific payload system simulations with redifi cations 
at a later date. We have made certain exceptions, however. ’ For certain systems 
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involving payload dynamics, the feasibility of generalized simulation is more 
easily evaluated. The requirements here are more evident, as the physical laws 
of the universe are not payload configuration dependent, and requirements of 
crew interaction with target vehicle dynamics is fairly predictable. For a pay- 
load possessing attitude control jets, a tolerable simulation can be obtained 
simply by simulating approximately the deadband phase plane, and expected rate 
resulting from jet firings. All this should require for update is a few reset 
parameters describing the phase, plane and rates. Similarly, translational 
propulsion can be simulated reasonably accurately, if steady state thrust/mass 
flow, and total impulse/total mass loss are reasonably accurate. Again, it should 
be possible to accomplish this with a few reset parameters. The only known 
vehicle to require a burn targetting guidance system is the tug. However, it is 
probably a reasonable assumption that any other vehicle would use an analogous 
rendezvous guidance strategy, as the coelliptic strategy has become well established 
for spaceflight rendezvous. Again, certain parameters (e.g., coelliptic delta-h's) 
can be altered by reset. Thus, it appears safe to require these systems to be 
simulated in a generalized fashion. Such simulation is important for training 
in rendezvous procedure, and such simplified simulation should be , adequate, for 
such purposes. Moreover, it is highly desirable to require such simulation as a 
portion of the initially delivered simulator, since its presence will enable much 
more detailed and complete checkout of E0M, orbiter G&N; etc. Other systems, 
however, are of less obvious training value, less clear feasibility as to mode ! 

(generalized vs. specif ic) , and are of much less importance in verifying the 

i 

complete simulator. It should be possible to. add them later, if desired, without ! 
substantial impact on existing systems. 
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6.2.10.14 HI scot Igneous Syst ems 

6.2.10.14.1 Purge and Vent System 

Sirr-ul alien of the Purge and Vent System is required to provide crew 
training for handling of hazardous fluids and gases, heat dissipation, and 
pressure control of the air frame cavities. No crew training would be provided 
by simulation of the GSE activities, prior to the crew boarding the shuttle 

vehicle. The degree of simulation required is based on the 
measurements provided for crew display and Thermal Control 
state and boolean logic. 

6.2.10.14.2 Landinq/Brakinq System 

Simulation of the Landing Gear and Braking System is 


required to. provide crew training for both normal and malfunctioned 
systems. Simulation fidelity is required only to the depth that the 
crew or 1/M displays react or the crew can sense either through 
motion or audio cues. Ah iteration rate of five per second is based 
- on a realistic response for the real world response of braking for 
both manual and drogue chute operation. [ ' ■ L ... ! — — : — .. 


6 . 2 . 10 . 14.3 Speed Brake System r r f ~T' V~ p'; " V T T 

V 7 simulation of the Speed Brake System is required to 

’ provide crew training for both normal and malfunctioned systems. 
An iteration rate of twice per second is based on providing a 

I 

. . .... c, b i c r o ? : v.i c ii.. e r a ;* for hydraulic servo response, 

i • . 

6.2.10.14.4 Ejection Seat Mechanism 

$•; of Vr.-j logic oof pro ; iminsry motion’ of the ejection seat 

provides the crew with training on escape techniques. It is felt that rctucl 
ejection training is not required by this simulation and will be provided by a 
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part task trainer. 

A program iteration rate of twice per second is based on providing 
realistic response for crew display and telemetry. 

6.2.10.14.5 Thermal Protection System 

Simulation of the Thermal Protection System is required for realistic 
crew display during liftoff and re-entry and for telemetry for those periods of 
flight that are not blacked out for RF transmission. An itera- 
tion rate of twice per second is felt to be adequate to provide 
realistic display response rates. 

Malfunctions to this system are not given. It is felt that there is 
no training value for re-entry aerodynamic changes resulting in vehicle destruction 
A related malfunction could be established for the visual system showing loss of 
a ceramic insulation panel on visual inspection via the TV monitor system. 

6.2.10.14.6 Thermal Control System 

Simulation of the Thermal Control System is required for realistic 
crew instrumentation display and for telemetry data for those periods of flight 
not blacked out for RF transmission. 

i An iteration rate of twice per second is considered to be adequate 

- j to provide realistic display response rates. i I i 
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6.2.10.14.7 nocking Mechanism 

The docking process is a significant constituent of spacecraft crew 

training. It must be simulated. For proper familiarization with docking procedures, 
dynamics should be simulated properly. The guide cone, hydraulic attentuators , 
alignment rings, and capture latches are all significant constituents- of docking 
dynamics. Since at least two configurations are being considered for the docking 
mechanism (manipulator docking and standard docking), it is required that each 
device be simulated only when present. Proper docking latch simulation is also 
necessary to verify successful simulated docking. As the mechanism will apparently 
be extendible, the simulated mechanism should not operate unless successfully 
deployed. As with payloads, it is assumed that most target vehicle on-board 
systems will, if simulated, be added later as modifications. It is, however, 
desirable to require initially that provision be made to ensure that orbiter 
simulated on-board systems will be able to interface with target vehicle systems. 

6.2.10.14.8 Air Breathing. Eng i ne Lubricat ion _.gy stem. 

The lube oil system of each engine shall not be simulated. 

i 

Neither meters nor telemetry are provided for lube oil temperature 

or pressure measurement or display. . ; , . *’ i : 

. , . '"T" ; ” ; ! “V ■■ i i ! ' 

6.2.10.14.9 In-Flight Refueling, j ... i. : 

,J ' 4 - 1 ‘ ' ‘ ! ! 

■ In-flight refueling will not be required for simulation 
at this time. The in-flight refueling system simulation for the SHS 
has not justified its cost of installation. Refer to Paragraph 3.5.3. 
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6.2.11 Simulator Applications Softwar e (Mrl 
6.2.11.1 Equa tions of Motion 

6.2.11.1.1 T ranslation and Rotation Dynamics 

6.2.11.1.1.1 Vehicles 

Display parameters are selected from similar parameters on the CMS and SIS. 

Prelaunch accuracy requirements are equivalent to about 1 arc- second error 

in central angle, considered to be reasonable based on the 2 arc-second tolerance 

on hour angle, and the fact that it is well within required insertion accuracy. 

Error change is constrained similarly to hour-angle error to avoid positional 

"jumping" on the pad. Boost insertion position and velocity requirements are 

precisely those stated for the real world vehicle. Insertion accuracy also 

includes GN&C dispersions (e.g., platform drift), so the requirement on m Is 

somewhat stiffen than it looks. The cutoff time tolerance is set sufficiently 

low to ensure against crew concern about overburn or underburn. This tolerance 

should be well within 3o tolerances, both for the above reason and to provide 

reasonable malfunction response. Since more than a 1% flight propellant reserve 

is deemed necessary for non-aborted flights, it appears that 1/2 sec. should be 

» 

well within 3d tolerances. It is the same as the current CMS-S1B tolerance, so 
! should be realizable. /Since the iterative i guidance scheme largely flies out 
M position and velocity dispersions, cutoff time' is 'most likely to be affected by 
i errors. Thus, the tolerance on cutoff largely limits errors in the boost 

envelope. To further ensure a reasonable envelope, it is required that the 

trajectory be within 3a dispersions throughout boost. A similar requirement on 

the CMS- SI B Has apparently proven satisfactory. Orbital accuracy requirements 
are set with respect to burn targetting. They should assure no more than 0.5 ft/sec 
dispersions (direction or magnitude) in targetted AV' s over the span at one 
orbit. Past experience has indicated that up to .5 ft/sec dispersions are 
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acceptable. However, with Shuttle's increased autonomy, crewmen could acquire 
their concept of what burns are "reasonable" from simulation which would tend 
to tighten acceptable dispersions. Other accuracy drivers (acceptable earth or 
star scene, tracking acquisition/loss of signal, etc.) are less severe, con- 
sidering 25,000 ft/sec orbital velocities. Since gravitational uncertainties 
of^the order of .3 4 x 10 ft/sec 2 in central body constant and .2 X 10" 4 
ft/sec in perturbation, the desired accuracy should be realizable. The most 
severe real-world orbital powered-flight accuracy requirements seem to be on the 
de-orbit burn, so requirements are set thereon. Real world entry trajectory 
accuracy requirements are looser than boost requirements (be within + 20 n mi and 
130 ft/sec at 1000,000 feet altitude), so it should be adequate to require no 
degradation of integration scheme accuracy between boost and entry, and that 
the entry trajectory be within 3a dispersions. The primary requirements upon 
rotational E0M are agreement with IMU (within nominal dispersions) and reasonable 
control response. Since guidance will maintain IMU attitude at the correct value 
or value range), these two requirements should ensure good visual and disnlay 
cues and good trajectories. Since provisions are made aboard the shuttle v,M,„ 
for up to five payloads, and the external tank and another shuttle vehicle could 
act as target vehicles, the figure seven was decided upon as an upper limit for 
the number of target vehicles. During a manual control phase following boost- 
abort, it is necessary to ensure that the vehicle does not recontact jettisoned 
Portions of the vehicle. (Since backup flight control can operate during boost, 
this is apparently possible., However, so long as aerodynamic forces remain 
significant, the possibility of recontact after successful clearance (or visual 
sighting) should be fairly remote, as maneuver is. somewhat limited in this reou, 
and relative acceleration should remain substantial. A dynamic pressure of ' 

2 Ul/ft Ch0S6n M thG CUt ° ff -- it the lower limit on dynamic 
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pressure for tank separation; and since orbiter aero acceleration at this 
pressure, at mean orbital velocity, is about .1 ft/sec 2 at a=0° and about 
1 ft/sec at a=45° . External tank relative acceleration here (making crude 
assumptions as to its aero characteristics due to lack of data) would appear 
to be at least .1 ft/sec 2 . This appears to be about at low as one would wish 
to go and still consider atmospheric relative force to be significant. In 
orbit, a different problem presents itself. Since any attitude might be assumed, 
external tank position should be maintained until visual contact is minimal. 
Further, in the case of tank deorbit SRM failure, tank position should be main- 
tained until recontact is out of the question. A range of 40 n.mi. was chosen 
to satisfy both requirements. At that range, the tank will distend about 2 1/2 
arc-minutes side on (similar to a 6 foot man at 1 1/2 statute .miles) and about 
25 arc-seconds end on (a 6 foot man at 10 statute miles). Since payload manipu- 
lation could involve 2000 slug payloads, with respect to a 5500 slug orbiter, 
momentum considerations establish that noticeable perturbations upon the orbiter 
could be generated. Orbiter ranging distance is currently 300 n.mi. It could 
also be necessary to consider ground tracking requirements on other vehicles, 
which could extend the position maintenance requirements. Definition awaits 
further procedure definition on rendezvous methodology, etc. It is assumed 
that target vehicle attitude control will appear realistic if the target vehicle 
RCS impulse is simulated properly, and control phase plane logic is simulated. 
Rendezvous display parameters are largely adapted from those provided on CMS. 
Angular rates as well as attitudes are specified as reset parameters to permit 
realistic initialization. In what follows, "step-ahead" is as defined in Volume I, 
and is not synonymous with "fast-time" or '"non-real time". Since, in "step-ahead", 
only gravitational and aerodynamic forces are simulated, it would be quite un- 
realistic to step-ahead during boost or powered flight. Within sensible atmosphere. 
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reasonable simulation requires RCS and/or control surface effects. These, in J 

turn, require operation of the full G&N system, which, in turn, requires attitude 
simulation. So, it is also unrealistic under the “step-ahead" constraints. 

However, during orbital coast, fixing attitude and using only gravitational 
aerodynamic effects provides an excellent trajectory at very high speed, since 
rotational Ef/M, GSN, etc. can be ignored. So, this high speed state advancement 
capacity is valuable in that situation, while unrealistic in others. At this 
point, it is difficult to determine whether body bending or fuel sloshing effects 
must be simulated. Insufficient data is available to determine whether their 
simulation .is or is not required. Simulation of Saturn boosters without bending 
or sloshing effects has proven adequate for crew training on the CMS, though' 

not necessarily desirable. It is reasonable to assume that the shuttle boost 
configuration, which is more complex structurally, will have more severe bending 
effects. Also, in aircraft flight, structural flexibility may well be a 
significant effect. But, as information is currently too sketchy, no require- 
ments have been specified as they cannot be firmly justified. As structural 
and sloshing information becomes available, this 1 decision should be reviewed, 
j No requirement is specified for maintaining the states of ele- 
; ment of the tracking and Data Relay Satellite (TDRS) system. Although 
: -it is anticipated that shuttle will utilize this system it is not 
expected to be'~operational until 1983. ~ These satellites will be in 
in synchronous orbits. In all probability, then, to use their 
"median" sub-vehicle ground point plus the Greenwich hour angle to 

i . ! 

determine their position at any point in time will probably be suffi- 
ciently accurate for training simulation purposes. Thus, very little 
impact on EOM is anticipated. In any cease, such provisions need not : 
be made until the early 80’s, and are therefore not specified as a 
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part of the initial simulator. It should not be difficult to add 
this capability later when needed. 

6.2.11.1.1*2 Orbiter Vehicle Configurations 

The configurations listed are those currently foreseen 

for the orbiter vehicle. 
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6.2.11.1.1.3 Forces and Moments 

Maximum perturbing accelerations from the J2, J3, 04, and 022 harmonics 

-3 2 _ 3 

are on the order of, respectively, .09 ft/sec2, .2 X 10 ft/sec , .2 X 10 

ft/sec 2 , .5 X 10' 3 ft/sec 2 . Each zonal harmonic is so directed as to largely 

cancel itself over the duration of an orbit; the tesseral so as to largely 

cancel itself over a portion of an orbit. Furthermore, for most of an orbit, 

or all of a low inclination orbit, the zonal harmonics will be of less than 

maximum power. Assuming that, over a revolution, perturbing acceleration error 

mounts linearly from maximum magnitude in one direction to maximum magnitude 

in the other direction, then back again, the largest error permitted by the 

-4 2 

tolerances on orbital E0M in Sect 3.5.33.1.1. is about 2 X 10 ft/sec . Error 
arising from neglecting higher order zonal harmonics should be well within this 
tolerance. It does not, however, permit ignoring J2, J3, or J4. With a shorter 
"period", J22 presents a different problem. Its maximum value, however, is reached 
at low latitudes unlike the zonals, (making it occur in all orbits) and is 
considerable. CMS targetting experience also indicates that it is desirable for 
improved results. During ferry flights, latitude does not vary widely as it 
does. in orbit (e.g., over 55° in 45 minutes), so.a central force field should 
suffice. Also, perturbations at 30°N aggregate about .1% of the gravitational 

iii 1 ' _ ! . . . . ! .. . - - - . 

’force field. Changes in gravitational perturbations within + 5° latitude of 

_ 30°N are considerably smaller.. Considering uncertainties in aerodynamic coeffi^. 
cients, atmospheric conditions, etc., di screpanci es of this magnitude do not 
appear significant. 30°N latitude was chosen since the proposed Vandenburg/KSC 
ferry route is within + 5° latitude of 30°N._. Numerical error was constrained 
to 10~ 3 f t/sec 2 to permit growth in accuracy without unnecessary reprogramming. 

It should be achievable with floating-point arithmetic with over 24-magnitude 
bit mantissas; or as little as 23-magnitude bit mantissas using care. Gravity 
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gradient torques could reach 15 ft-lb at certain attitudes in low altitude 
orbits, and result in angular accelerations of 2 X 1 0 6 rad/sec 2 = 10 4 deg/sec . 
In a 500 n t -mi. orbit, gradient torques of 10 ft-lb are possible, and are, at that 
altitude, much larger than aero disturbing torques. At 10 deg/sec , a 1 
displacement in 2 1/2 minutes is possible. Since docking misalignments of 
6 inches and 5°-7°, and relative rates of .5 ft/sec 2 and 1 deg/sec are possible, 
docking with a massive target vehicle (e.g., space station, another shuttle) 
could exert sizable forces and torques upon the orbiter. Tank venting and 
dumping aV can reach 30 ft/sec, which is certinaly significant. Separation 
SRM's for the boost SRM’s can attain 80,000 lb thrust, which is significant. 

Since these SRM's are located so as to cancel or override residual thrust, it 
too should be simulated. Body cavity venting during boost and entry is non- 
p repulsive, so simulation is not required. 0MS design sketches indicate that 
dumping of residual 0MS propellant during entry is not propulsive, so simulation 

is not required. '* 


6 . 2 . 11 . 1 . 1.4 Aerodynamics 

..it 


< 

00 


Orbital aerodynamic data is sparse. However,’ assuming that a=90° is , 

. worst case, with C#=0. , <^=2.5, C M =.3, which values appear reasonable in terms of 

’existing lower a. or outdated data, one obtains, with a "worst case"* atmospheric 
* . ' ..4 2\ 

■ density at 275 n.mi. , aero force of .2 lb (acceleration about .4 XJO ft/sec ) 

and pitching moment of 1 ft-lb at a=90°. With median atmospheric density, 

forces of .05 lb and pitching moments of .3 ft-lb are likely atcc=90°. Since 

gravity gradient torques can reach 10 ft-lb, it seems safe to ignore such 

aerodynamic torques. Such forces are similar to gravitational uncertainty, 

so they should be ignorable. Also, flight at low-o is much more likely, 

and forces and torques are considerably smaller there. Transients detected 
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upon passing between aero simulation and no aero simulation should he negligible 
at these forces and torques. Furthermore, orbital differences between a 27.1 n.mi 
circular and a 276 n.mi. circular should not be alarming, as force deltas are 
similar to gravitational uncertainty in magnitude. It is not felt that the cost 
would justify simulation of non-rofilnal atmospheric flight configurations. It 
would also probably be very difficult to obtain reliable data for such configura- 
tions. Winds, because aero force is proportional to the square of velocity, can 
be significant perturbations during boost and entry. They are, of course, quite 
significant during ferry flight. Gusts and turbulence exist in the real-world, 
and affect vehicle dynamics significantly in the atmosphere, so they should be 
simulated. It is considered necessary to permit certain instructor control over 
winds, gusts, and turbulence, to satisfy varying training requirements. At alti- 
tudes about 300,000 feet, atmospheric density varies substantially as a function 
of solar activity, geomagnetic heating, and gravity waves. There are also 
diurnal, semiannual, and seasonal-latitudinal variations. All these effects 
are somewhat predictable except gravity waves. Up to about 400,000 feet, semi- 
annual and seasonal-latitudinal effects are, relatively speaking, quite signifi- 
cant. Well above that altitude, temperature dependent parameters predominate 
(e.g., solar activity, diurnal). At altitudes above 400,000 feet, total' force 
deltas due to these effects as percentages are sizable, but not as forces. For 
example, at 425,000 feet, the maximum force is about 60 lb (a=90 p ) the median 
force about 40 lb.(a=90°). At 500,000 feet, maximum force is about 15 lb.; 'the 
median about 10 lb. (a=90°). Below 400,000 feet, the dominant seasonal-latitudi- 
nal effects are most pronounced above 45° latitude, and are opposite in sign 
between northern and southern hemispheres, thus largely cancelling over an orbit, 
and affecting lower inclination orbits less seriously. At the approximate al- 
titude of maximum density effect, about 360,000 feet, maximum to median range is 
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800 to 500 pounds (a s 90 ). The maximum is 650 lb. for latitudes of 45° or less 
(much less for lower angle-of-attack). Since effects are most pronounced at 
altitudes between 50 and 100 n.mi., and the trajectory envelope for most missions 
will not involve extended flight in this area, and 90° angles of attack are 
unlikely, it is not believed the improvement gained in training by simulating 
these density variables would justify the cost. This conclusion should probably 
be reviewed as definition and development of training requirements continues. 

With load-relief steering, providing minimal angles of attack, it is estimated 
that a 2% density error could produce a 10 ft/sec velocity discrepancy at boost 
cutoff. This should be within the ability of the simulation to erase by an 
overburn/underburn well within the stated cutoff tolerance. Proximity axial 
force coefficient changes of 5 % > normal force coefficient changes of over .01 
and pitching moment coefficient changes of about .01 upon the orbiter + tank 
(ct=0°) and axial force coefficient changes of 60%, normal force coefficient changes 
of nearly .01 and pitching moment coefficient changes of over .01 for the SRM's 
during nominal separation (ct=0°) indicates the significance of proximity aero- 
dynamics for good separation simulation. Landing gear deployment results in an 
increase in drag coefficient of about 0.011 at a=13°, which is significant. 
Simulation of the effects of individual gear deployment is required for proper 
l simulation of the failure of an individual gear to deploy. Lift due to ground 
forces ranges from about 7000 lb. at 50 ft. to 85,000 lb. at 10 ft.' Ground force 
pitching moment coefficient deltas range from .003 at 50 ft. to .038 at 10 ft. 

Thus, simulation of ground effects is required. Introducing the force at 75 ft. 
or above should guard against noticeable transients as the terms are added. 

Display terms required are mostly chosen from those currently found useful for 
training and checkout on the CMS and CMS-SIB booster. 


i . 
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6.2.11.1.1.5 

Coordinate Systems 



During orbital flight, vehicle state should be maintained in an 
earth-centered, space-fixed coordinate system, to avoid inclusion of coriolis 
and centrifugal effects, to provide for load verification, etc. During the 
landing phase, a runway based coordinate system should be maintained, for cal- 
culation of touchdown effects, ILS data, high-resolution landing visual require- 
ments, etc. Certain ILS-related data might be displayed with respect to this 
system as well. Some body-fixed system is required for calculation of body 
forces and moments. If this is parallel to the orbiter longitudinal and pitch 
axes, orbiter rates, and accelerations can be displayed in the system which 
should be most meaningful to the instructor. Attitude as pitch, yaw, roll about 
local horizontal has proven useful to CMS instructors, and to engineers during 
checkout. 


;-T 
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6.2.11.2 1-ASS PROPERTIES 

6.2.11-2.1 Vehicles 


Total vehicle mass must be available at any time body forces can occur, 
in order to obtain body acceleration. During boost, when total vehicle mass is 
rapidly changing, and body is acceleration is substantial, errors in mass cause 
porportional errors in body acceleration, which can build to serious errors in 
vehicle state. A particularly insidious numerical error can arise in the integration 
of acceleration to obtain velocity. For example, suppose rectangular integration 
was used to obtain delta-velocity from acceleration. To obtain correct results 
when this scheme, the accelerations used should be the “average" acceleration over 
to integration interval. Thus, forces should be ‘'average" forces (except perhaps 
for gravity, they should be sufficiently close approximations), and mass should be 
"average" mass. If, however, trapezoidal or Adams schemes are used, forces and mass 
should represent values at the beginnings and ends of integration intervals. Thus, 
the precise valves of mass (whether at endpoints or "averages") provided E0M which 
would cause zero numerical error is a function of the integration scheme selected. 
Thus, during boost (or other powered flight), tolebances on mass should be set 
against that value of mass available during each integration interval which will 

introduce zero error into the' AV calculations - unless the integration scheme is 

■ ■ ■ 

specified, which does not seem proper. As for the tolerances themselves, during 

boost, the driver is the requirement to meet cutoff time within 1/2 second. To 

'assure meeting this requirement, accumulated AV error due to erroneous mass should 

not greatly exceed 20 £1 . This is crudely equivalent (ignoring adaptive guidance, 

sec 

gravity dispersions due to different positions, etc.) to a steady body acceleration 
error of .03 ££-2* Using current mass properties, the worst cases for mass change 


< 

03 


caused acceleration error are at booster max acceleration and at cutoff. In each 
case, mass flow, in , is about U of total mass in slugs, and body acceleration 
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about 100 sec 2. Thus, a .06% mass error will result in acceleration errors of .06 

I'erc 2 ' Assuming average mass caused acceleration error will be 1/2 this (it is likely 
to be considerably less), we are within our tolerance. Such a tolerance will then 
require a mass re-calculation frequency of 1/10 second, or smoothing. This result 
i. consistent with S-1B experience, which indicates that 1/5 second iteration interval 
during boost is too slow. During other mission phases, the most severe mass require- | 
ment is on the deorbit burn. The deorbit burn may be 20 minutes long, under extreme 
orbital and malfunction conditions. In that case, it should not have cutoff delayed 
by more than 4 seconds (will translate to 1-2 second delays in nominal cases). This 
can be accomplished by a .3% tolerance on mass. Vehicle center of mass must be 
available wherever significant torques arising from body forces can occur, in order 
to find moment arms. The inertia tensor is required at any time' the calculation 
of body angular accelerations from torques may occur. Center of mass errors can 
require different "steady-state" gimbal angle and control surface settings (in order 
to cancel torques and thereby null angular accelerations), and can alter the 
response of the TVC, RCS and aero-surfaces (depending on scheme used to compute 
moments) to command changes or pertubations by changing their moment arms. Inertia 
- tensor errors can also alter response of TVC, RCS, and aero-surfaces by changing 
the angular acceleration resulting from given torques. Proper tolerances upon 
these parameters to satisfy these requirements are somewhat configuration dependent. 

As the configuration is currently undergoing substantial design changes, it is 
considered unwise to set such tolerances at this time. However, using a number of 1 
simplifying assumptions, some rough approximations were made pertaining to tolerances. 

A 1 foot error in center of mass location in the x direction during first-stage 
boost would appear to require a gimbal angle change of about .2° or less to track 
it (aero ignored, but aero center appears to remain consistently safely behind eg), 
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a 1 inch direction error a gimbal angle change of as much as .25° during mated 
boost, but little more than .1° during second stage burn. In terms of a simplified 
Pitch TVC loop, adapted from that in the NAR proposal, a 1 ft. x-direction c.g. 
change (or a 1* change in y moment of intertia) would appear to change transient 
rise time, overshoot, and undamped natural frequency by about IS or less. It would 
appear, then, that with the current configuration, tolerance of 1 foot on x-c.g. 
position, 1 inch on y and z c.g. position during mated ascent and 2 inches thereafter 
would be reasonable tolerances. Judging from proposal mass properties estimates, 
these tolerances would apparently require updates at least once per second. However, 
although tolerances would be met, resulting step changes could create perceptible 
pertubations which would not exist in the real world, especially if at some time 
coupled to guidance minor loop updates. Thus, the requirement that perceptible 
step changes not be introduced would probably force a faster minimum update rate - 
perhaps 5 times per second. Since mass changes are much smaller during OMS burns 
and entry, update rates could probably be decreased then. It appears that the 
tolerances cited for the inertia tensor in orbit are also reasonable for boost, since, 
as indicated above, 1% error seems tolerable for one-axis control dynamics, and the 
arguments concerning errors arising from rate-dependent terms in the Euler equations 
in orbital coast are similarly applicable during boost. In orbit, assuming no 
rques and rates of 1 (which are not n ke1y to be exceeded for long 1f) nominal 

or most malfunctioned operation), errors in angular accelerations due to a discrepancy 
of 5% of the smallest moment of inertia in any product of inertia would be about 

5 ar c-5ec 

sec 2 ° r ess * and errors in angular accelerations due to 1 . 07. errors in any 

moment of inertia would be about fi arc-sec ™ 1 ^ 

c ° ' or , ss ' maximu ro values in roll pitch- 

'«“)• Of .00,00, „p„„ ,oo,„o,„. n 

bo included -I.hin 0.5, toioo.nd., Tbe,e appn.ai,,,,, hold „ long „ 

tb. pobitoo ooto, .bo ,h,p, , deita-.ipg aioplano. 0, o.ao,,, „ prtneipil 
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axes Euler equates are used, products of inertia do not exist. When separation 
rotational dynamics of SRM's are simulated, SRM mass properties must be maintained. 
Target vehicle or payload mass properties must be available while their states are 
maintained. It would not be necessary to maintain mass properties to extreme 
precision if only an attitude control propulsion system is aboard another vehicle. 
Mass changes of 5% should not force mass property changes of a great deal more than 
5%, which should be adequate to simulate general behavior. In any case, it should 
not be necessary to simulate target vehicle behavior to any greater extent than to 
make its behavior seem reasonable to an outside observer, which permits fairly gross 
estimates of mass properties (except possibly for total mass of vehicles with 
translational propulsion - other mass properties are involved in rotational dynamics, 
which can be fairly gross for a target vehicle without being alarming, so long as 
basic behavior characteristics are preserved). 

6.2.11.2.2 Vehicle Conn curat i ens 

The configurations specified are all possible shuttle vehicle configura- 
tions, each with significantly different mass properties. Instructor alteration 
of crew location dependent mass properties has been used on SLS. 

6.2.11.2.3 Consumables , 

* 

The consumable containers mentioned all contain consumable quantities 
: which may change in time during a shuttle mission. 
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6.2.11,3 Ephemeris 
6.2.11.3.1 Celestial Bodies 

Solar direction relative to the vehicle affects vehicle temperature 
distribution, star tracker resolution (when pointed near the sun due to GSN 
malfunctions), and out-the-window views. The moon can also cause interference 
with the star tracker. The visible planets (Mercury, Venus, Mars, Jupiter, 

Saturn) could cause star tracker Interference, since all can be of apparent 
magnitude of 1.0 or greater (only 15 stars are of such magnitude), and there is ' 
no logic in the proposed on-board computer program driving the star tracker to 
account for planetary position. Astronomical sortie missions may create requirements 
for solar, lunar, and planetary position information. Some such payloads will 
presumably be pointed at these celestial objects. There is no indication in the 
orb-iter GN&C requirements or preliminary software that the orbiter GN&C computers 
will be able to, unassisted, point the vehicle with respect to a celestial body 
in perceptible relative motion. If this is the case, a computer or sensor on- 
board the payload may provide the GN&C computers with pointing attitude updates. 

This computer or sensor would then have to be functionally simulated, which would 

i 

■ ** urn rec l u ire knowledge of current target position. Apparent motion 
of Uranus should not exceed 10 — r ^ r sec , so can probably be ignored over the period 

of a training session. That of Neptune and Pluto will be much less. Thus, 
astronomical sortie missions should not require ephemerides of any 
other planets. - Star trackers Icr accuracy is 30 ‘arc-seconds. Since solar, 





• 398.6 


DATE 12/22/72 


REV ' A 3/23./73 

K~trfTttr$- 


THE SINGER COMPANY 
SIMULATION PRODUCTS DIVISION 

8 INCH AMT ON, NEW YORK 


PAGE NG6H26 


REP. NO. 


lunar, and planetary effects upon the star-tracker involve only interference, 

' it should' be sufficient to maintain their positions within the star tracker 
accuracy. Star directions, however, should be maintained well within star 
tracker accuracy, to permit star tracker dispersions to be simulated within 
the star tracker simulation itself. Simulated orbital sunrise should not take 
place at a perceptibly different time than real world orbital sunrise. At 
orbital sunrise, apparent solar motion with respect to the horizon may be of 
the order of 250 — Thus, if solar direction accuracy is within 25 
arc-seconds, maximum sunrise error will be of the order of 1/10 second. Astronomi- 
cal sortie mission accuracy requirements have not been defined, and are therefore 
not considered. However, best baseline pointing accuracy (3cr) is 36 arc-seconds. 
Solar aberration can exceed 20 arc-seconds. Therefore, it should be simulated. 

Lunar aberration, which is at most of the order of 5 arc-seconds, is much 
smaller than the required lunar direction accuracy, and need not be simulated. 

It is anticipated that lunar position accuracy requirements can be easily satisfied 
at an iteration ■ rate of about 10 times per minute. Solar (and stellar) require- 
ments are much less. There is no evidence that automatic star trackers will be 

i 

used for navigation during atmospheric flight. Evidently, radio aids only will be 
used. The brevity of shuttle atmospheric cruise (one hour or less), the fact that 

"'all hops on the proposed ferry routes are over or very near land, the limited range 

...... 

(400 n. mi.), the distinct possibility of daytime flight, etc., would tend to render 
- star tracker navigation unlikely in the atmosphere. If star trackers were so 
used, one should consider atmospheric refraction of starlight. Index of refraction 
of the atmosphere is about 1.0003 at sea level. Thus starlight refraction at 30? 
incidence is 40 arc-sec, at 60° incidence is arc-min, at 90° incidence is 25 
arc-min, at sea level. Even accounting for shuttle cruise altitudes (near 20,000 
« feet), the effect is significant at high angles of incidence. The proposed on-board 
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computer program takes no account of the effect, further reinforcing the assumption 
that star- tracker use in the atmosphere is not anticipated. If it is utilized, 
however, atmospheric refraction effects will be required in the calculation of 
apparent star position. 




i 
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6.2.11.3.2 Coordinate Transformations 

Star positions should be available within any of the systems to well 
within the star tracker 1 s accuracy to ensure good star tracker simulation. The 
figure of + 5 arc-seconds was established in the preceding section as an adequate 


accuracy limit to satisfy this constraint. Thus, the simulated transformations 
must be within this accuracy to ensure the meeting of this constraint. If each 
axis is within 2 arc-seconds, any vector will be within 2 uT arc-seconds , or about 
3*5 arc-seconds, safely within the constraint. 3% arc-seconds is equivalent to 
about 350 feet of ground track position, so updates of the systems in orbit should 
not cause perceptible jump in earth scene (at orbital speed, the vehicle passes 
about 2500 feet of ground track in 1/10 second). These transformations are 
usually calculated using a star-fixed coordinates to true-of-date coordinates 
transformation and the true Greenwich Hour Angle. On the True-of-Date System, 
precession effects over 10 days will aggregate about 1 1/3 arc-seconds in the 
x-axis, and less in other axes. Nutation effects over the same time will not 
exceed about k arc-second in any axis. Precession and nutation effects upon 

1 

the hour angle are analogous. Hence, over a seven day period, real-time 
recalculation of precession and nutation'is unnecessary to meet a 2 
arc-second tolerance. It appears that most shuttle missions will last 
no more than seven days. In any case, simulation runs covering more 
than seven days without 'resetting seem unlikely. On the other hand, 
requiring such tight accuracy for a 30 day period (for example) on either 

side of a reset point would result in a considerable time/core impact 
to recalculate precession and nutation. It does not appear to be wort i 

it. Since the requirements exists to maintain the parameters over any 
mission interval, it would appear that the worst that could happen 
in the case of super-long simulation runs is degradation to existing 


- * 
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CMS-Skylab accuracy levels, which, while not good for Shuttle, will 
not have any disastrous results. The Greenwich hour angle changes by 
about 15 arc “seconds per second. Thus, an error limit of 2 arc- ! 
seconds should be within the limits of perception. It also corresponds 

i 

to a ground track error of about 200 feet (at the equator) which should 
be acceptable so long as it is not oscillatory. It would, for example! 
at orbital velocity, change deorbit time by, at most, 1/100 seconds. ! 


6.2.11.3.3 


Occultat ion of the sun and Greenwich Hour Angle are 


expected to be of interest to instructors and for checkout. 
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6.2.12 S i Tula tor Control Software 

6.2.12.1 Data Recording 

A method of recording data is necessary to obtain hard copy of simula- 
tor parameters for debug -and training aid purposes. The approaches are as follows 

6.2.12.1.1 Plotters and Recorders 

A method of. obtaining data to ascertain the dynamic relationships of 

parameters to one another and to time is necessary for evaluating simulator 
performance, The selection of parameters to be recorded must be dynamic to 
assure maximum flexibility. 

6.2.12.1.2 Real-Time Print 

A method of obtaining immediate hard copy of parameters for quick 
analysis is necessary in debugging and training evaluation. Only a limited number 
of parameters is needed, but a dynamic selectability is necessary to assure maxi- 
mum flexibility. 

6.2.12.1.3 Logging 


A method of analyzing simulator performance for debugging and train- 
ing purposes is important. For this evaluation, as much data pertaining to inputs 
and outputs and dynamic simulator calculations as can be obtained is necessary. 

A logging facility is the best solution for this need. Data of all types will 
not always be needed, so the types of data to be logged must be selectable. The 
selection must be done in real-time to prevent interrupted training sessions. 

6.2.12.2 Real - T i r; a I n p u t / 0 u t p ut ! 


The SMS will require real-time inputs and outputs in order to perform 
a realistic simulation. This I/O will utilize both standard and non-standard 

, i 

computer complex devices. Access to these devices will necessitate a complete 
set of software support that can be readily utilized by the simulation control 
software. Logging will be a necessary feature during the checkout of simulation 


! 

I 
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systems and subsystems. Provision for the dummying or substitution of real-time 
devices will allow checkout during periods when devices may not be available for 
operational use. 

6.2.12.3 Synchronous Simulation Program Processor 

Historical ly, simulation of aircraft and spacecraft systems requires 
that a predefined order and rate of execution be maintained for critical simulation 
functions. This is anticipated to be the case in SMS as well. 

6.2.12.4 Master Timing 

All crew station and IOS clocks must be updated in real-time, and they 
must remain in synchronization with one another. For best simulation performance, 
all clocks and times should originate from one single system. 

6.2.12.5 Master Control 

Certain basic control functions are inherent in the operation of any 
realistic training facility. The master control program provides these functions 
in the SMS. 


6.2.12.6 Advanced Training 

6.2.12.6.1 Automated Training , 

This feature will relieve the instructor of certain tedious simulation 

'• i ' 

control functions, allowing him to concentrate upon instruction and evaluation of 

trainee performance. "i ’ , ; «~ : * ‘ ~ r 

It also has the advantage that all trainees can be provided with 

( j : j . ( j j i 

exactly the same training problems. 

6.2.12.6.2 Performance Comparison r ’ ' r “ 

This feature will allow a display and/or hardcopy of the trainees 1 

performance. This information will allow for a fqll evaluation of his performance 
under certain prescribed conditions. Potential weak spots in the’ training regeme 
can be spotted, or areas of further training pointed out. A "profile" of the 
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strengths and weaknesses of a trainee can be rapidly arrived at. 

It must be emphasized that this feature by no means would attempt 
to "score” the trainees performance. Performance comparison would only report 
the conditions found during the mission. 

6.2.12.6.3 Record Playback 

This feature will provide the instructor with the capability to 

record the actions of the trainee during a mission phase, then critique the 

trainee by playing back exactly what he did. 

It will also be possible to build a library of mission phases to 

show how a maneuver is to be performed. Thus, a "textbook" docking sequence 

can be shown to the trainee prior to training in that area. Likewise, a docking 
sequence can be recorded that is full of ."errors" and the trainee can be shown 
the consequence of several actions at one time. 

It should be noted that emphasis is placed upon "flyout" from a 
playback. This was done to emphasize the potential danger that can exist should 
the crew controls be in an unsafe condition prior to release from playback control. 
Thus, if the simulator was performing a sequence of "touch and go" landings and 
the playback was stopped while the simulator was "on the ground", but the. controls 
were in an "in the air" condition, personnel are in danger of severe motion base 
transients if the landing gear is not in a "down" state. 

. i 

6.2.12.7 CRT Pages , . . _ u 

The assumption is made that the CRT's on SMS will be used in the same 
fashion as those on Skylab, and since the SLS CRT system proved to be of great 
value in debugging and simulation monitoring, it is recommended that these re- 

t 

qui remen ts be applied in SMS. 

6.2.12.7.1 Malfunction Control 

Since it is desirable to provide for a software method for inserting 
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and deleting malfunctions, using a CRT page for this appears to be the most 
logical approach. 

6.2.12.7.2 Setup Verification 

This is a logical equivalent of a proven SIS page program application. 

6.2.12.7.3 Parameter Display 

Since there will be few hardware displays, and many computer para- 
meters, this requirement is necessary. 

6.2.12.8 CRT System 

Since the assumption is made that CRTs will be used for the display 
of simulation data, the requirement for a package to control the processing of 
that data is necessary, 

6.2.12.8.1 CRT Hard Copy 

This will provide for hard copy of all parameters displayed on a 
CRT independent of any other data recording technique, 

6.2.12.8.2 Look and Enter 

The capability to monitor and change data pool parameters in real- 
time is necessary. 

6.2.12.8.3 Graphics 

• • - •! Since the assumption is made that the SMS CRTs will be graphic in 

nature, this requirement is necessary. 

6.2.12.9 Operating System Interface 

Systems involving multi-tasking capability as required in SMS, are 
normally under control of a sophisticated operating system. It is imperative 
that adequate interface between the application and the operating system be main- 
tained for proper simulation in this environment. 
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6.2.13 S upp ort Scftvan 


6.2.13.1 Ope rating System 

The multi-tasking environment required for SMS with multiple part task 
simulations, batch, and terminal processing makes an operating system a necessity. 
This is dictated by the need to properly allocate and control computer system re- 
sources between the multiple simultaneous tasks that are executing in the system. 

6.2.13.2 Software Processors 

The requirement that the SMS have assemblers, compilers and loaders 
is self evident and these are assumed to be supplied GFP with the 

SCC. What is delineated are requirements for ’non-standard 1 features 

The requirement for a CRT page program processor is necessary. 

The syntax and mnemonics of the CRT processor is parallel the 
assembler of the operating system is to minimize the number of programming lan- 
guages to be learned. 


6.2.13.3 Data Base Generator 

The formation from simple inputs of a data pool of the complexity 

necessary for SMS is best done by a computer program(s). The associated listings 

! 

are a natural by-product of the data pool formation. A mechanism for referencing 
.from the simulation programs to the data pool is easier and faster through a 
computer program. A statistical analysis is necessary to have a complete under- 
standing of the what, where, when, and why of the data pool construction. 
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6.2.13.4 Reset Generator 

For proper training, the SMS must receive initialization at various 
points. A computer program is required to construct these points very rapidly 
with some assurance as to the validity of the data. This program is the reset 
generator. Also, some points may be taken during real-time training sessions. 
These points must be upgradable as changes are made to the simulation package. 
Since most of the criteria for these points apply to normal reset points, the 
reset generator is a prime candidate for doing the upgrading. 

6.2.13.5 On-Board Computer Support Software 

The on-board computer flight program must be processed from its de- 
livery medium to hard copy listings and loadable object code. More than one 
copy of the loadable code will be needed for simulated change over from one 
computer to another. Patches to the flight program may have to be generated. 
The on-board computer support software will be responsible from these tasks. 

6.2.13.6 Utility Programs 

The functions performed by various utility programs are essential to 
support a complex operation such as the SMS successfully. 

6.2.13.6.1 Diagnostics _ ^ _ 

4 The requirement for diagnostic routines will greatly reduce down 

time due to hardware failures which cannot be quickly diagnosed by other means. 
These routines will also aid in preventive maintenance activities by providing 
data on random device failures. 

6.2.13.6.2 Support Utilities (Plotting, Trace, Snapshots) 

Debug routines will reduce the time required to gather data during 
off-line and integrated test phase. They will also be helpful in documenting 
system performance during test and operational phases of activity. 
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6.2.13.6.3 Subroutine Library 

The requirement for a subroutine library is dictated by the need 
for support of standard facilities such as the use of trigonometric functions. 
Routines such as this should not be left to individual users to provide because 
of the chance for deviation from standard results. 

6.2.13.7 Delog 

A mechanism for reducing real-time log data to a useable form is 
necessary for the data logging function to be useful. A computer program is 
the best method of implementation. 

6.2.13.8 Statistics Gathering System 

A method of computing computer loading is needed to allow the evalua- 
tion of the effects which changes to the simulation will cause. This loading 
also allows the evaluation of the computer resources available for non-real -time 
simulation activities. A record of computer usage and downtime is required for 
performance and cost evaluation. A Statistics Gathering System is the ideal 
approach to this effort. 

6.2.13.9 Automated Documontati on 

______ . • • - ■ " — — ■ * 1 i 

Obviously, the SMS will consist of a large number of software packages. 
Although the exact number of such packages is not known, it is possible to ball- 
park the number at several .hundred. 

With this volume of software, the only reasonable way to 'document 
it is by using software that will release the programmers from these tedious 
and time consuming tasks. Two further benefits are realized by this method: 
the documentation can assume a standard format isolated from the idiosyncrasies 
of the individual; and with an automated system, as changes are Incorporated, 
the chances that program documentation can be kept up-to-date are better, since 
the program:;, r can leave the updating of flowcharts, cross references and so on 
to the computer. 
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6.2.13.10 p a t a M n n a e me r> c S y s t: e m 

The need to know the simulation configuration at any point in time, 
together with its prospective configuration, necessitates a comprehensive and 
flexible configuration management system. Due to the complexity of the configure 
tion management required to support the SMS, an automated system with various 
minimum manual controls is required. This type of system will afford several 
users a common data base of related elements of the same information. At the 
same time it will reduce the amount of paper work that usually exists. Cross 
relationships of one element of data to another can also be generated in an easy 
manner. This type of system will afford the capability for more people to be 
made aware of more information that is current all the time. 
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Systems Inte gration 


The test drivers will be useful for the follow-on modifica- 
tion phase particularly in light of the time-sharing capa- 
bility of the SCC. 
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6.2.15 D emonstration Ins tall atio n Test 

6.2.15.1 Fn story To st nr.rl Dem onstration 

6.2.15.1.1 Layout Model 

This layout model is deemed necessary to enable planning 
of installation to improve traffic flow, minimize cable runs, and 
eliminate noise problems. 

6.2.15.1.2 Factory Test 

Those tests will verify simulator hardware fidelity* 

They will also minimize on-site test time and cost, and optimize 
overall test schedule, 

6.2.15.2 Qn-Si te I nsta llation and Tes t 

6.2.15.2.1 G eneral 

6.2.15.2.1.1 On-Site Hardware Installation. Integration and Test 
These tests re verify hardware, check for damage in 

shipment, and will eliminate all hardware problems prior to system 
software tests. 

6.2.15.2.1.2 System Test > i j j.._ 

_ *.!/ i 

These are nearly a dry-run of the acceptance tests to 

verify system performance prior to ATP, and are preceded by other 
software tests at the subsystem level. 
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6.2.15.3 Ac ceptance Tests 

Acceptance tests are provided on the system level, to 
isolate major problem areas. Tests are sequentially ordered to 
minimize total test time and eliminate problems which will affect 
subsequent tests. 


6.2.15.3.1 rif-ilator 


at'rn and Procedure Tests 


Tests. 


These are a prerequisite to Systems Tests and Mission 


6.2.15.3.2 System Acceptance Tests 


These tests are a prerequisite to Mission Tests. 


6.2.15.3.3 Mission Oriented Tests 


This is the final series of tests. 


6.2.15.3.4 


: 5? Te f • t g 


These are a prerequisite to Visual System Tests. 


6.2.15.3.5 Visual System Tests 


Some of these tests can be conducted independent of 

.1 9 

and in parallel with other tests above. Hence, total calendar test 


time will be minimized. 
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6.2.19 Motion System 

The six degree-of- freedom motion system will provide the astro- 
nauts with the necessary cues to simulate the movement of the Shuttle 
vehicle during atmospheric flight. Motion simulation, during these 
phases, is most important since it furnishes feedback of the pilot’s 
control action or is the direct stimulus for pilot action. The 
proposed motion system will be representative of the sensations 
experienced in the Shuttle vehicle. (Reference Bibliography Item 18) 

i 

As evidenced in the Simulation Techniques Study Interim Report 
current six degree-of -freedom motion systems are the only systems 
possessing the load carrying capability, adaptation to modification for 
visual system support, and present the best combination of performance 
and excursions of the state-of-the-art devices available. In fact, the 
load carrying capability of current motion systems limits its capability 


to the upper forward crew compartment and its associated visual system. 
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6.2.19.3.1 Hydraulic & Electromechanical Design 



This paragraph establishes the requirement Cor a separate 
control loading pump. 


It cites the specific characteristics for 

a) filters 

b) relief valves 

c) plumbing 

d) maintenance features 

e) accumulators 

f) heat exchangers 

g) access ramp 

h) hydraulic fluid 

i) over tempera Cure sensors -- 

j) constraints on component design 

6.2.19.3.2 Motion £ Control Loading Sys tem Controls 

i 

This section defines the requirements for safety and 

-operational characteristics. * r : — ^ — j — — ° 

, _ j. ; : : 

6.2.19.3.3 Maintenance Controls < J , - j- , 

This section defines the maintenance features for ease of 
maintenance and safety considerations. 

6.2.19.3.4 P^rr- 7 -ding 

This is a typical motion system requirement and the site 
must be verified to t.ce if the "1500 pounds per square foot" value is 
compatible. 
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6.2.19.4 performance Requirement s 

6.2.19.4.1 Simulated Mot ions 

This section defines the quality of the motion and the typesj 

| 

of motion cues to be simulated. j 

i 

6.2.19.4.2 Payload Weight 

This paragraph is intentionally non-quant itative since it 

is subject to the individual bidders design (crew station/visual/tilt j 
concept). It is inserted to define the payload imposed on the motion 

system. 

6 . 2 . 19 . 4.3 Worst Case Maneuvers 
Further definition of motion system performance require- 
ments. 

6.2.19.4.4 Rough Air 

Same rationale as above, to specify performance. 

6.2.19.4.5 Response , 

To quantify response time. 

^ " f! 

6.2.19.4.6 "* Excursions. Velocit ies and Acceleration s 

Quantitative values given are those characteristic of the 
Singer 60” stroke 6 D.O.F. machine/ They are deemed to be adequate 
for the simulation of a vehicle of orbiter size which is expected 

to have rather docile flight characteristics. 

« 
t 

6.2.19.4-7 Accelera tion Onset, 

To define motion system capability. 
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6-147 


6 .4 Logi 


ci -h 


tics 


The specified items are essential to enable NASA to maintain 
and operate the SMS after acceptance, and are in line with past NASA 
simulator procurements. 
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6 . 5 Reliability and Quality Assurance Requirements 

Stringent Quality Assurance requirements are dictated by the large 
scope and cost and the intended usage of the SMS. The Quality Assurance 

program should be planned and used in a manner to effectively support j 

I 

| 

the contractors reliability and maintainability programs. j 

Inspections should include in-process and quality conformance 
operations. 

Tests of the following types should be included as a minimum: 

a) Structural 

b) Electrical ! 

c) Environmental 

d) EMI 

e) Human Factors 

f) Reliability i 

i 

g) Grounding 

... . & . „ 

h) Functional , , 

7 1 ’■ r ’ f ’ " ' ; ' ’ , -j-.- : '• • 

' * ft • j . > ' j ’ 

i) Trainer operation 7” • 1 


The program should emphasize the prevention of deficiencies and 
provide for the early detection, correction and control of deficiencies 
Special emphasis should be placed on quality control with respect to 
new and unproven program areas and equipment. 
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6.6 System Support 

The complexity of the SMS warrants engineering 

support to 


train personnel in the operations and maintenance of the simulator. 

In addition, the support should include coordination of data and spares 
support. The support personnel should comprise a group who are experier. 
ced in the various technical areas associated with the simulator and 
form a part of the installation, checkout and testing crew. Beside 
providing training in the operation and maintenance of the simulator, 
training should cover the use of operations and maintenance manuals. 

It is anticipated that a six-month program would he required to provide 
adequate engineering support. 
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7 -0 P r ' n ' n *' ^ t i Q ft Requir e me ft tjs 

This paragraph defines the effort associated with the cost 
of the Documentation work package and will provide visibility into 

the division of effort between work packages. 

The Data Manager at Houston should alleviate the need for 

a NR representative based at the SMS contractors facility and mini- 
mize the communication problems between NR, NASA and the SMS eon- 

tractor . 
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